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ABSTRACT 
 
This Study examines the electricity consumption influencing factors and analyses how 
those factors affect electrical energy use of the university academic buildings. 
 
A number of factors affecting the electricity consumption pattern are identified from 
the literatures as well as the interviews with different professionals. Those factors are 
categorised to two types, internal and external factors. 
 
A case study is carried out for investigating the effects of those identified factors on 
the university academic buildings. The case study covers 5 selected academic 
buildings in The University of Hong Kong. A variety of statistical analyses including 
plotting of data, seasonal index, moving average technique and correlation test are 
employed to analyse the pattern of electricity consumption. The results show that 
there are similarities in the occurrence of peak demand and seasonal variations whilst 
differences in the annual electricity consumption level and 12-month moving average 
time series among the 5 studied buildings. 
 
The Pearson product moment coefficient of correlation analysis reveals that 
correlation exists between monthly electricity consumption and monthly mean air 
temperature, as well as between monthly electricity consumption and monthly mean 
relative humidity at 5% level of significance, indicating that a positive linear 
relationship exists between monthly electricity consumption and these two weather 
parameters. These findings also imply that both air temperature and relative humidity 
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variables are essential parameters of seasonal component of the electricity 
consumption time series in university academic buildings. 
 
The problems in building design, managing, and operational level are examined. 
There are problems of poor building envelope design as well as over-design in 
lighting and air-conditioning systems. 
 
Deterministic time series forecasting models for individual buildings are constructed 
according to the results from regression analyses of monthly electricity consumption 
with time variable and three seasonal dummy variables. The derived forecasting 
model aims to provide an effective tool for the facilities manager of The University to 
predict the short-term consumption and identify the areas in which the energy 
efficiency and cost efficiency can be achieved. 
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Chapter One - Introduction 
 
Chapter One 
 
Introduction 
 
1.1 Background 
 
1.1.1 Rapid growth of electricity consumption 
 
Buildings, energy and environment are current issues that the building professions 
have to face. In the study done by Lam & Ng (1994), about 60% of the imported 
primary energy requirement is used for electricity generation in Hong Kong, and 
about half of the total primary energy requirement is consumed by the local buildings. 
Electricity use in the buildings is, thus, a key energy end user. More recent data in 
Hong Kong Census and Statistics Department also reveal that the total electricity use 
continues to grow even during the economic downturn in the late 1990s1. 
 
Under the rapid growth of electricity consumption, many developed countries in the 
Asia Pacific region, including Hong Kong, have seen growing concern about energy 
use in the buildings and its implications for the environment. There are many research 
works on energy use for both existing and new domestic and commercial buildings 
world-wide, such as the studies carried out by Lam (1995; 1996; 2000), Yan (1998), 
Tso & Yau (2003), Ben-Nakhi & Mahmoud (2003), Gugliermetti, et al, (2004), Lam, 
                                                 
1 Refer to Figure 1. 
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et al (2004). There are, however, very few studies on the energy use of educational 
institutions. 
 
1.1.2 Building Energy Management 
 
The ever-rising growth of electricity consumption arouses the professionals’ 
awareness of energy efficiency. The concept of Energy Management is originated 
since a long time ago, but more concern is given by building professionals in mid-90s 
only. The first step in an Energy Management Programme is to perform an energy 
audit to understand how and where the energy is being used. Once this information is 
collected, it is possible to identify the opportunities for energy saving. Seeley (1996) 
suggests that the building energy manager, if any, can prepare proposals for improving 
energy performance of the buildings through implementing energy conservation 
measures. The most cost-effective energy conservation measures are those requiring 
little or no expenditure. Arousing the awareness of energy saving and efficiency by 
building owners tend to be the most cost effective because little or no expenditure to 
achieve energy saving.  
 
Meanwhile, from the management’s point of view, setting up a benchmark allows the 
owners or users to effectively and efficiently compare their electricity consumption 
levels with others in the similar group, and thereby allows them to set future targets 
and identify appropriate measures to reduce the energy use.  
 
 2 
Chapter One - Introduction 
1.1.3 Importance of the study to the University 
 
Aforementioned, a number of research works have been carried out in relation to the 
energy use in domestic and commercial buildings, however, very few studies about 
the energy use in educational institutions are carried out in both Hong Kong and 
overseas, although Electrical and Mechanical Services Department is currently 
conducting a consultancy study to develop energy consumption indicators and 
benchmarks for Hong Kong institutions. This Study endeavours to redress this 
imbalance by investigating the electricity use in university buildings. 
 
The university buildings have become more sophisticated, many buildings have been 
equipped with more and more high technologies in recent years, so the proportion of 
electrical energy cost has increased accordingly. Further, a considerable standard of 
energy request and environmental comfort have to be guaranteed in the university 
buildings. Consequently, this research work is of great value and contribution on the 
energy performance of the educational institutions which are likely to incur a very 
high level of electricity consumption and cost. This is the motive to initiate a study 
with a research area on analysing the electricity consumption in university buildings.  
 
Actually, this Study on energy performance of university buildings in Hong Kong is 
important. First, the analysis process itself helps university to understand the situation 
of electricity consumption and to identify any design, managing and operational 
problems that cause inefficient electricity use. Second, during the interviews, staff 
working in estate office can realise that they are able to operate and manage the 
university academic buildings more efficiently. Last but not least, results and findings 
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of this Study help university to set priority for future investigation to achieve the 
greatest energy efficiency and cost efficiency. As a consequence, this Study is 
valuable to the university buildings. This Study, apart from analysing the consumption 
pattern of university buildings, focuses on the area of electricity consumption 
influencing factors, potential problems regarding energy performance of the 
university buildings and lastly deterministic time series models for forecasting 
electricity consumption. 
 
In consideration of forecasting the electricity consumption, it is executed with an 
objective of identifying the areas of achieving cost effectiveness through reducing the 
electricity use. From the management’s point of view, forecasting or prediction plays 
an essential role in management. One of the primary functions of forecasting the 
future is to monitor the level of electricity use as well as identifying the areas in which 
electricity cost might be reduced. On average, a typical academic university building 
consumes around $2.5 to 3.5 millions per annum2 on the electricity cost. For this 
situation, even there is an energy saving of just few percentages of the total cost, an 
enormous amount of money can be saved. There is an obvious financial benefit 
resulting from identifying the areas of energy efficiency through performing the 
forecast. Furthermore, prediction of the energy consumption incurred throughout the 
life of buildings can be useful for decision making among various design options at 
initial design stage as a whole picture of the total life cycle costs including both initial 
costs and future running costs of the proposed buildings are acquired. Apart from the 
benefit achieved at design stage, an effective short-term forecasting model of the 
electricity consumption can assist the university to achieve the cost control and cost 
                                                 
2 Mr. C. B. Lo, Senior Technical Manager, Maintenance and Operation Unit, HKU Estate Office, (Date: 
04-03-04). 
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efficiency during the occupation stage of buildings. 
 
1.2 Electricity in Hong Kong 
 
In Hong Kong, electrical energy is primarily generated from the combustion of fossil 
fuels, namely coal, natural gas and oil. (World Development Indicators 2001, The 
World Bank Group) which are regarded as non-renewable energy. Among these three, 
the coal and natural gas are the two major sources of electricity generation. In 1998, 
65.1% of electricity comes from the coal-fired electricity generation and 33.8% comes 
from natural gas electricity generation (World Development Indicators 2001, The 
World Bank Group). 
 
Nevertheless, there are many problems arising from the generation of electricity via 
the combustion of fossil fuels. The primary influences are the depleted non-renewable 
energy and the greenhouse effect. The Department of Energy in United States (2000) 
shows that 2.095 and 1.321 pounds of greenhouse gas, carbon dioxide are expelled 
into the atmosphere for every kilowatt produced under coal-fired and natural gas 
electricity generation respectively. Actually, in Hong Kong, nearly 40% of the total 
carbon dioxide emissions come from the electricity generation in 1999. These figures 
explicitly show that a large amount of carbon dioxide will keep releasing into the 
atmosphere and lead to a severe green house effect when the coal and natural gas 
remain to be the major sources of electricity production in Hong Kong. 
 
1.2.1 Electricity consumption in Hong Kong 
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With its increasing population and rapid economic development, energy consumption 
in Hong Kong has risen remarkably in the past few years. Data of Hong Kong Census 
and Statistics Department (Figure 1) reveal that the total electricity consumption in 
Hong Kong has increased substantially from 1999 to 2003. 
 
Total Electricity Consumption in Hong Kong
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Figure 1 Total electricity consumption in Hong Kong3 
                                                 
3 Source: Census and Statistics Department, the Government of HKSAR. 
http://www.info.gov.hk/censtatd/eng/hkstat/fas/energy/elect_consum_index.html, accessed in 
10-03-04. 
4  Ditto. 
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Electricity Consumption in Hong Kong
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Figure 2 Electricity consumption trend according to different users 
(1999-2003)4 
 
Electricity consumption in 2003
according to different types of user
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Figure 3 Breakdown of electricity consumption according to different users in 20025 
 
When categorised the electricity use according to different types of users (Figure 2), 
namely domestic, commercial and industrial uses and, street lighting and export to the 
mainland of China, they account for an enormous amount, about 80,000, 30,000, 
                                                 
* 1 Terajoule = 1012 Joules. 
5 Source: Census and Statistics Department, the Government of HKSAR. 
http://www.info.gov.hk/censtatd/eng/hkstat/fas/energy/elect_consum_index.html, accessed in 
10-03-04. 
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20,000 and 10,000 terajoules in average respectively. Additionally, there is a 
continuous growth in their electricity consumption from 1999 to 2003, except the 
industrial use. The decline of consumption in industrial use is due to the mobilisation 
of the industrial sector to China where the costs are lower in recent years. 
 
Figure 3 reveals that in 2003, the domestic, commercial and industrial uses account 
for approximately 23%, 59% and 10% of the total respectively with the remaining 8% 
for street lighting and export to the mainland of China. 
 
As Hong Kong is a city with an area of only 1098 square kilometres, these figures 
reflect the high level of electricity consumption and a dramatically increasing demand 
for electricity. Such a dramatic increase is due to the extensively wide use of electrical 
appliances, especially the air conditioning systems, for cooling purpose (Yan, 1998). 
There is a growing concern about the adverse impacts on the environment of 
excessive energy consumption in Hong Kong (Lam, 1996). In fact, energy efficiency 
and energy conservation are the important issues in many countries (Zhang, 1995; 
Lam, 1996; Chaaban & Rahman, 1998; Eiswerth, et al, 1998; Farahbakhsh, et al, 
1998). 
 
1.2.2 Consumption proportion in institutional buildings 
 
Because of limited studies on Hong Kong institutional buildings, there is little 
information on the consumption proportion according to the building electricity end 
uses, namely heating, ventilation and air conditioning, lighting, electrical appliances, 
and lifts and escalators. The consumption proportion of different building services in 
 8 
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institutional buildings is then reviewed by an indirect means subject to the 
cross-checking from the results of interviews. 
 
The electricity use pattern of office buildings is highly comparable to that of 
institutional buildings, except the one with special building uses including laboratory 
buildings, sport centres, research centres, hall of residence, etc. It is true for the 
academic buildings which mainly consist of offices, staff rooms and classrooms. It is 
also justified by the results from the interview with professionals. All of the 
interviewees also hold a consistent view that the structure of consumption proportion 
in institutional buildings is more or less the same as that in office buildings. 
 
The consumption proportion in university academic buildings is reviewed using the 
example of office building in Hong Kong. Among a variety of research works in 
Hong Kong office buildings, the most recent one is done by Lam, et al (2004) who 
show that the percentage consumption for the four major electricity end uses in Hong 
Kong office buildings, namely the heating, ventilation and air conditioning (HVAC), 
the lighting, the electrical equipment, as well as the lifts and escalators are 47.5%, 
27.4%, 21.8% and 3.3%, respectively. Again all of the interviewees also agree that the 
consumption proportion in institutional buildings is similar to these findings. 
 
Actually, a similar situation, with few studies, also exists in overseas. The most recent 
one is carried out by Gómez-Amo, et al (2004), who identify the percentage 
consumption by the three major electricity end uses in the University of Valencia, 
Spain. The highest percentage consumption is due to the lighting which accounts for 
63%, followed by air conditioning which accounts for 21% and, lastly, computers and 
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office equipment accounting for 16%. 
 
It can be seen that the consumption pattern categorised by electricity end uses in this 
foreign university is quite different from that in Hong Kong university, in which the 
highest percentage consumption is always resulted from air conditioning. Th 
differences is due to which are the differences in climatic conditions, which is one of 
the most significant electricity consumption influencing factors, in these two distinct 
geographical areas. 
 
1.3 Climate of Hong Kong 
 
Hong Kong has a total area of about 1000 km2 situated along the southern coast of 
China within the subtropical region at latitude 22.3° North and at longitude 114.3° 
East. The climate tends to temperate for half the year and it has distinct seasonal 
fluctuations over a period of year because it situates on the southern coast of China 
and opposite a vast expanse of the ocean (Lam & Li, 1996). 
 
1.3.1 Determination of summer and winter periods  
 
In general, the summer and winter periods should include the warmest and coldest 
months in a year during which cooling/heating requirements dominate. However, 
there is no clear cut universal definition of the seasonal periods for all countries 
because of dissimilar climatic conditions under different geographical locations. Lam 
& Hui (1995) note this problem and deduce a clear definition of summer and winter 
periods for Hong Kong in their research work. By considering long-term data of three 
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climatic variables, dry-bulb temperature (DBT), wet-bulb temperature (WBT) as well 
as global solar radiation (GSR), summer period is between June to September and the 
period from December to February is selected as the winter period. Consequently, 
spring is between March and May whist autumn spans from October to November. 
These classifications of 4 seasons are also adopted in this Study. 
 
1.3.2 Characteristics of climate 
 
According to the information provided by Hong Kong Observatory6, and research 
work by Lam & Li (1996), the characteristics of different seasonal periods are 
identified. In the winter months between December and February, Monsoons blow 
from the north and north-east directions, bringing cold and dry air to Hong Kong from 
the continental anticyclone in Mainland China. 
 
The spring season is between March and May, inclusive and usually characterised by 
cloudy skies, light rain and occasional spells of fog and high humidity.  
 
The summer season spans from June to September, which is hot and humid with 
occasional showers and thunderstorms. The monsoon blows from the south and 
southeast directions and the temperatures generally remain around 26°C with high 
humidity. Tropical cyclones, coming from the western North Pacific or China Seas, 
are most likely to strike Hong Kong in September. If the centre of tropical cyclone 
comes closer to Hong Kong, winds will increase and rain can become heavy and 
widespread. Heavy rain from tropical cyclones may last for a few days and 
                                                 
6 Hong Kong Observatory, the Government of HKSAR, http://www.hko.gov.hk, accessed in 16-02-04. 
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subsequent landslips and flooding sometimes cause considerably more damage than 
the winds. 
 
The autumn is short, starting in October and ending in November. It is characterised 
by bright skies with dry conditions. The winds blow from more easterly in direction. 
 
Climatically, Hong Kong experiences a monsoon-type annual rhythm, with generally 
hot and humid summer, and drier and cooler conditions prevailing during the rest of 
the year.  
 
On rare occasions, temperatures have been known to fall briefly to freezing point. The 
considerable variability in Hong Kong’s weather from year to year distinguishes it 
from that of more classic monsoon areas. 
 
1.4 Research Questions 
 
1. What are the important factors affecting the pattern of electricity consumption?  
2. How do those factors affect the pattern of electricity consumption in university 
academic buildings? 
3. What are the potential problems in design, managing and operational level of 
university buildings? 
4. Can deterministic time series models provide forecasts of electricity 
consumption with acceptable levels of accuracy? 
 
 12 
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1.5 Objectives of the Study 
 
The objectives of this Study are fourfold. They are: 
 
1. To identify the important factors affecting the pattern of electricity consumption;  
2. To analyse how those factors affect the pattern of electricity consumption in the 
studied buildings; 
3. To examine the potential problems at the design, managing and operational level 
leading to energy inefficiency in the studied buildings; and 
4. To develop deterministic time series models for forecasting electricity 
consumption. 
 
1.6 Framework of the Study 
 
To achieve the objectives, the Study is divided into nine chapters. Chapter One serves 
as an introduction to the Study. The background, objectives, and framework of this 
Study are presented.  
 
Chapter Two - Literature Review  
 
Following the introductory chapter, Chapter Two presents a Literature Review of the 
areas concerning the life cycle costing, including its application, the difficulties 
encountered in its application and the factors affecting its appraisal. Furthermore, the 
previous studies on modelling the electricity consumption and the time series 
forecasting under different approaches of deterministic and stochastic processes are 
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discussed. 
 
Chapter Three - Government’s Involvements in Electrical Energy Conservation in 
Hong Kong 
 
Chapter Three provides an overview of the Government’s involvements in electrical 
energy conservation in Hong Kong, including the area of legislation, energy standard 
guidelines, and energy efficiency schemes and programmes. 
 
Chapter Four – Research Design 
 
The Methodology gives account of the case study research method, the rationale of 
choosing target buildings, the sources of data and information, the data collection 
techniques and the rationale of using a particular analysing method in Chapter Four. 
 
Chapter Five - Key Factors Influencing Energy Consumption 
 
Different factors affecting building energy consumption, which can be categorised to 
internal and external in nature, are identified and discussed. They are essential to be 
addressed for the analyses of the electricity consumption use of the studied buildings 
in Chapter Seven due to their direct influences imposed on the building electrical 
energy use. 
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Chapter Six - Data Analysis 
 
In Chapter Six, Quantitative analyses of the data are carried out in this chapter. They 
include the analyses of physical characteristics and usage pattern of studied buildings, 
correlation tests, time series models, and their validation tests are presented.  
 
Chapter Seven - Results and Discussion 
 
The implications and discussion on the results of analysis of electricity use pattern 
and the regression models. The qualitative studies focus mainly on the most important 
electricity consumption components. 
 
Chapter Eight - Time Series Modelling and Forecasting 
 
Deterministic time series models for individual buildings are constructed, based on 
the results of the previous regression models, to forecast their electricity consumption. 
The implications of forecasting results and lastly possible recommendations on 
reducing the electricity consumption are also discussed. 
 
Chapter Nine - Conclusion 
 
Finally, conclusions are drawn to summarise the findings and results of analysis. 
Additionally, implications, limitation and further research area of the study are 
suggested. 
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Chapter Two 
 
Literature Review 
 
2.0 Introduction 
 
This chapter aims to review literature on the areas of life cycle costing, electricity 
consumption pattern and forecasting modelling. First, several essential areas of life 
cycle costing, including its applications, difficulties encountered in its application and 
factors affecting its appraisal are discussed. Second, the key factors influencing 
electricity consumption pattern and the previous studies on modelling the electricity 
consumption are discussed. The forecasting is important in the managerial level, 
therefore the types of time series models and the approaches of deterministic and 
stochastic processes used in forecasting are also discussed. 
 
2.1 Life Cycle Costing 
 
2.1.1 Life cycle cost 
 
2.1.1.1 Definition of life cycle cost 
 
Flanagan & Norman (1989) provide a definition of life cycle cost taken from BS 
3811.  
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“It is the total cost of ownership 
of an item, taking into account 
all the costs of acquisition, 
operation, maintenance, 
modification and disposal, for 
the purpose of making 
decisions”. 
 
Life cycle cost is further defined by RICS (1986) as 
 
“the present value of the total 
cost of an asset over its 
operating life, including initial 
capital cost, occupation costs, 
operating costs and the cost or 
benefit of the eventual disposal  
at the end of its life”. 
 
However, those definitions are not presented in a systematic manner and the contents 
of components of total cost are not defined clearly. After summarising the literature, a 
more clear expression of components of the total costs is made. The costs to be 
considered in life cycle costing can be divided into three main categories in the 
context of buildings, which are the initial acquisition cost, running cost and disposal 
cost. 
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2.1.1.2 Components of life cycle cost 
 
1. Initial costs 
 
The initial costs, also known as the first costs, include the sum of capital and initial 
expenditure of constructing a building such as the acquisition costs of land, design 
costs and construction costs. 
 
2. Running costs 
 
After completion of building, the running costs are incurred throughout the life of the 
building and further divided into two sub-categories consisting of user dependent 
costs and building dependent costs. The user dependent costs comprise the 
occupational charges. Whilst, the building dependent costs include the operating, 
maintenance, energy, and modification costs as discussed below. 
 
a. Operating costs 
The operating costs are associated with operating the building itself. These costs incur 
throughout the life of the building and consist of cleaning, insurance, security, 
management, administration, and overhead costs (El-Haram & Horner, 1998). 
 
b. Maintenance costs 
The maintenance associated with cost of keeping the building in good repair and 
working condition. According to Seeley, (1996, pp.317), maintenance costs are 
defined in BS 3811:1984 as “the combination of all technical and associated 
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administrative actions intended to retain an item in, or restore it to, a state which can 
perform its required function”. 
 
c. Energy costs 
After completion of building, the energy costs are also incurred throughout the life of 
the building. The significant elements of energy cost are electricity costs, fuel costs 
and water costs. 
 
d. Modification costs 
These costs relate to the new works required to improve the components of building 
by means of alternation, replacement and refurbishment. 
 
3. Disposal costs 
 
Lastly, the disposal costs are considered to be the demolition, removal, dislocation 
costs, and salvage value at the end of the building’s life. 
 
2.1.2 The importance of running cost 
 
In the past, there is a fundamental misconception on what the decision making method 
is based. Most practitioners perceive the capital cost to be the most significant item 
that can far outweigh the running cost (Flanagan & Norman, 1983). Most of them 
argue that, since the costs other than the capital cost have no significant effect on the 
total cost, the option with lowest capital cost will then also be the option with lowest 
total cost. Such justification makes it sensible for them to consider the capital cost 
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solely in the life cycle costing exercise. 
 
Nevertheless, it, certainly, is not the case that the running cost is an insignificant 
factor in life cycle costing calculation. There are evidences showing the importance of 
considering the total costs rather than just the initial costs. The figures below show 
various cost components for a range of building types, such as office, elderly person’s 
home, primary school and secondary school, their capital costs account for below 
50% of the total cost. While the total running costs account for above 55% 
contribution by the running cost. The result of cost evaluation of a building will be 
unsatisfactory if the initial cost alone is taken into account (Ashworth, 1993). 
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Source: Flanagan, R. & Norman, G. (1989) Life cycle costing: theory and practice. (pp. 10-11) 
 
The reason why the running cost is regarded as a significant item in determining the 
total life cycle cost is that it usually incurs for a long period with a continuous 
expenditure, and thus collectively far outweighs the initial capital cost. The 
implication is that considerations must also be given to the running cost in making 
decision concerning the building’s total costs or exercising the life cycle costing. 
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2.1.3 Life cycle costing technique 
 
2.1.2.1 Definition of life cycle costing 
 
The life cycle costing technique is first developed in mid-1960s to assist the US 
Department of Defence in the procurement of military equipment, while in late 1970s, 
it is utilised to assess and compare the relative benefits of alternative energy design 
options in buildings (Cole & Sterner, 2000). 
 
There are many definitions of life cycle costing in literatures. Some of the more 
widely accepted definitions are offered by Flanagan & Norman (1989), Dale (1993), 
Ashworth (1996), Kirk & Dell’Isola (1995), Norton & McElligott (1995), Seeley 
(1996) and Cole & Sterner (2000). Generally, they all agree on several points. First, 
life cycle costing is generally accepted to be a process to determine the total cost of a 
building over the term of its life. Second, it takes account of initial cost, running cost, 
repair and maintenance cost, periodic replacement cost and disposal cost. Third, all of 
these costs are expressed in present value by discounting technique. 
 
Among those, Norton & McElligott (1995), Seeley (1996) and Cole & Sterner (2000) 
aptly provide a more detailed definition of life cycle costing technique.  
 
Norton & McElligott (1995, pp. 112) suggest that, 
 
“life cycle costing is a technique for 
calculating all costs at a comparable 
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level by discounting technique and 
these costs include the initial cost such 
as the design and construction cost, as 
well as ongoing running cost such as 
operating and maintenance cost of the 
completed buildings”. 
 
Seeley (1996, pp. 308) defines the life cycle costing as 
 
“a technique of cost forecast by which 
the initial, running and maintenance 
costs over the life of the building can 
be brought into the present value”. 
 
Lastly, Cole & Sterner (2000, pp. 368) provide a similar meaning that, 
 
“life cycle costing has traditionally 
been considered as the means by 
which initial and operating costs are 
combined into a single economic 
figure to then be used as the basis for 
making informed and effective 
decisions”. 
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2.1.2.2 Objective of life cycle costing 
 
Concerning the objectives of life cycle costing, RICS (1986) suggests three objectives 
which are, 
 
“to enable investment options to be 
more effectively evaluated”, 
 
“to consider the impact of all costs 
rather than only the initial capital 
costs”, and 
 
“to assist the effective management of 
completed buildings or projects”. 
 
While El-Haram & Horner (1998) provide a more comprehensive discussion 
concerning the objectives of life cycle costing. Five objectives of life cycle costing are 
proposed, which are, 
 
1. To provide an input to the decision making process; 
 
2. To evaluate all the costs incurred throughout the life of a project; 
 
3. To provide an equitable comparison among an assortment of design options for 
determining the most cost-effective project; 
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4. To obtain a figure representing the investment position of the client; and 
 
5. To forecast future running expenditure. 
 
From all these, the essential role of life cycle costing is to provide a rationale for 
facilitating decision making on selection of the best option from a number of 
alternatives where the alternatives differ not only in their initial costs but also in their 
subsequent running costs.  
 
2.1.4 Applications of life cycle costing 
 
The life cycle costing can be executed in different phases of a construction project, 
including procurement stage, design stage, construction stage as well as occupation 
stage (Ashworth, 1993).  
 
2.1.4.1 At procurement stage 
 
As mentioned before, the running cost also has more or less the same degree of 
significance on the total life cycle costs, greater emphasis should be placed upon the 
economic implication of design in the future running cost. In the tendering stage, the 
concept of lowest bid is adopted. However, the lowest bid only reflects the lowest 
initial cost of the project, but not the total costs. Thus, in order to be cost effective, 
this conventional concept should be modified in the context of life cycle cost 
(Ashworth, 1993) so that the significant factor of running costs will be taken take into 
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account. Any possible influences on the future running cost from a range of design 
options need to be considered at the tendering or procurement stage of a project and 
the bid analysis is then to compare each tender on the basis of its life cycle cost but 
not its initial costs only. 
 
2.1.4.2 At design stage 
 
Life cycle costing is desirable at design stage of a project, especially at the early 
conceptual and preliminary stage. The main use of life cycle costing is at design stage 
of project (Ashworth, 1993). Life cycle costing can be employed to evaluate a choice 
of design options in order to assess their individual economic implications to the 
associated costs of construction, operation, repair and maintenance. The identification 
of the cost significant items, which contribute most to the total cost, is useful under 
this approach. In selecting an optimal design from possible choices of options, the 
choice with the lowest total life cycle costs will usually be the first choice, provided 
that other criteria have been met. 
 
2.1.4.3 At construction stage 
 
According to Ashworth (1993), there are three main applications of life cycle costing 
performed by the contractor during the construction phase. Firstly, the contractor, on 
some occasions may be allowed to choose building materials or technologies of 
construction subject to the specification conformity only. Then the contractor can 
identify the impact of different methods of construction by performing life cycle 
costing. Secondly, it is suggested that there may be a saving resulting from 
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performing life cycle costing in respect of the purchase or lease of the construction 
plant and equipment. Thirdly, when the contractor has an opportunity to be involved 
at the early stage of the project, life cycle cost implications of the design in the 
context of manufacture and construction can be identified. As a consequence, impacts 
upon life cycle cost of the project during the construction stage cannot be neglected. 
Such probable benefits may also have an impact on the future tendering and 
estimating strategy of project costs. 
 
2.1.4.4 At occupation stage 
 
Apart from the above functions and applications of life cycle costing at design stage 
and construction stage, Flanagan (1983) argues that some potential cost savings can 
also be achieved by applying life cycle costing in the existing building at the 
occupation stage. They are illustrated as follows.  
 
1. Life cycle cost management 
 
From the point of view of management, life cycle costing is of enormous potential to 
be applied at the management level. It plays an essential role in predicting the 
management cost of a physical asset (Allan, 1993 and Seeley, 1996). While Flanagan 
(1983) regards this application as the life cycle cost management. It aims to identify 
the areas in which the running cost might be reduced through forecasting the future 
expenditure. It can, therefore, assist the clients to assess and control the occupancy 
costs throughout the life of a building. 
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Consequently, an accurate forecast of the future expenditure of the running costs is 
useful at both the time of making the investment choice and during the occupation 
stage. However, the costs attributable to running costs do not remain uniform or static 
throughout a project’s life. A budget plan of estimated future cost is usually prepared 
by a property manager for the cost monitoring and control purposes. 
 
2. Energy conservation 
 
Actually, the energy consumed in operating the building is one of the largest 
components in the running cost (Environmental Research Group, 1994). It is fopund 
that the energy used to operate the building mainly includes the energy required to 
heat, cool, ventilate and light the interior spaces as well as to power the equipment 
and other services (Environmental Research Group, 1994). Accordingly, the 
consumption of electrical energy is the essential element in determining the energy 
cost and in turn, analysing the pattern and forecasting the electricity consumption 
would be of great help in formulating the energy conservation policy. 
 
However, many researchers neglect the use of life cycle costing in the area of energy 
conservation. Life cycle costing is an appropriate technique to be applied in the 
energy audit of buildings (Allan 1993). An energy audit can be utilised effectively in 
monitoring and controlling the building energy cost and in turn energy saving can be 
achieved in the occupation stage. The life cycle costing technique may also be used in 
answering the questions regarding the energy conservation strategy (Environmental 
Research Group, 1994), such as how to select the best energy conservation feature 
among various options, how much investment should be made in a single energy 
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conservation feature, and which is the most desirable combination of various energy 
conservation features. With regard to the selection of the best choice among various 
options of the energy conservation measures, the one that can maximise the savings in 
the life cycle costs would be preferred. For instance, a choice can be made between 
double-glazed and triple-glazed windows or a choice can be made between a solar 
heating system and a conventional heating system. 
 
2.1.5 Difficulties in the application of life cycle costing 
 
In the study carried out by El-Haram & Horner (1998), nine difficulties in applying 
the life cycle costing are identified. They include:  
 
1) Lack of useful historic cost information.  
 
2) Lack of data and accepted standards for maintenance and operational 
performance. 
 
3) Lack of feedback for designing new projects. 
 
4) The life cycle costing calculation is fraught with problems. 
 
5) Difficulty in predicting the behaviour of people, materials and future financial and 
economic conditions. 
 
6) Difficulty in controlling those total costs of ownership which are affected by 
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administrative procedures or political decisions.. 
 
7) A general desire to minimise initial expenditure. 
 
8) Failure of designers to include life cycle cost goals in their design criteria. 
 
9) A feeling that the future is unknown and that basing decisions on an uncertain 
future is in some sense difficult to achieve. 
 
Among those, problem relating to the access to reliable cost data has been addressed 
by several authors, namely Flanagan & Norman (1983), Norton & McElligott (1995), 
Seeley (1996) and Cole & Sterner (2000). Indeed, it is commonly encountered in the 
application of life cycle costing and worth to be addressed in this chapter. 
 
2.1.5.1 Cost data 
 
It is desirable for the researchers to obtain the appropriate, relevant and reliable 
historical and current cost information from which to make an appropriate decision. 
Nevertheless, the historical cost data of the individual buildings are usually poorly 
documented (Bromilow & Pawsey, 1987). The problem of the lack of sound and 
reliable cost data are frequently encountered in life cycle costing, especially for the 
running costs and maintenance costs as they are incurred continuously throughout the 
life of building and invariably at different times. 
 
The unavailability of these historical and current cost data have hindered the 
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application of life cycle costing. Unlike United Kingdom where there are publications 
of maintenance cost data and occupancy cost data by the Building Maintenance 
Information, there are no similar published data in Hong Kong at all. A possible 
solution is to collect these data which are likely to have a significant effect on the life 
cycle costs, called the cost significant items (Fuller & Petersen, 1995). 
 
2.1.6 Factors affecting life cycle costing appraisal 
 
However, when predicting the unknown future, there is always one fundamental issue, 
that is the forecast accuracy. It is also one of the most important criteria to be 
achieved in any forecasting exercise, since it would be meaningless if the error is 
unrealistically high or the estimate is not reliable. However, forecasting can only be 
carried out in the light of present knowledge and the resulting error is inevitably 
unavoidable. Particular to estimates from the life cycle costing, there is a question of 
the reliability of assumptions. The principal assumptions affecting the accuracy of 
forecast include time scale, inflation rate, discount rate and taxation. These main 
factors are discussed as follows. 
 
2.1.6.1 Time Scale 
 
The anticipated time scale for the life cycle costing calculation should be carefully 
examined as it fundamentally affects the decisions regarding future costs. It should 
make sure that the longest period over the life cycle comparisons should not exceed 
the life of the building (Seeley, 1996). Therefore, the question of what the time scale 
is suitable for the calculation, is paramount to the life cycle costing. Two different 
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approaches to determine the time scale are proposed by Flanagan & Norman (1989), 
namely the expected physical life and period of analysis. It is important to distinguish 
between these two approaches since there is no reason to believe that they will be 
identical. 
 
1. Expected building’s physical life 
 
It is the period over which a building and its components can be maintained in an 
acceptable physical condition (El-Haram & Horner, 1998). Indeed, the building’s 
physical life can be extended for a very long period provided that it has been correctly 
constructed and properly maintained. 
 
2. Period of analysis 
 
The second way is to determine the period of analysis over which the life cycle 
costing is performed. The time scale in life cycle costing calculation is not necessarily 
exactly the same as the physical life expectancy of the building or its individual 
components. In this situation, the concept of period of analysis is needed for 
identifying the correct time period so as to render the life cycle costing calculation to 
be effective. The period of analysis is defined by Flanagan & Norman (1989) as the 
expected period of use that will be required by building owner in the decision to build 
or user in the decision to occupy. 
 
While in determining the period of analysis, it is essential to consider a number of 
factors relevant to the use of building by owners or users. They consist of the physical, 
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functional, economic, functional, technological, legal, social, environmental or 
aesthetic obsolescence which is the paramount factor influencing their life (Flanagan 
& Norman, 1989; Ashworth, 1996). Among those, the economic obsolescence is the 
most common form and it usually occurs when there is an enhancement of the land 
development potential which is worth more than the rental income derived from the 
existing building. Additionally, the term “economic life” is arisen under this 
circumstance. The economic life relates to earning power of the building and it is the 
period over which the building is considered to be the least cost alternative (Flanagan 
& Norman, 1983). 
 
Both Ashworth (1994) and Seeley (1996) emphasize that life cycle costing, aiming to 
evaluate the most economic comparison, is primarily concerned with the building’s 
economic life rather than physical life because the buildings are usually demolished 
because of the economic obsolescence rather than physical obsolescence. 
 
Lastly, Flanagan & Norman (1983 and 1989) suggest that the question of using 
expected physical life or period of analysis as an appropriate time scale for life cycle 
costing calculation will be much dependent of the type of the project and client. 
 
3. Expected physical lives of building components 
 
The other consideration is the lives of the components in the building. For instance, 
life cycle cost of the pre-cast concrete facade need to be compared with that of the 
curtain wall, or life cycle cost of the paint need to be compared with that of the tile 
finishes. In each case, we need to know the life of different materials so that it will be 
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possible to compute how many times they will need to be replaced and to know what 
maintenance plan is needed (Seeley, 1996). 
 
It must be emphasized that it is necessary to distinguish between the expected 
building’s physical life and the expected physical lives of building components since 
Flanagan & Norman (1983) assert that the life cycle of a building component is not 
generally the period between the acquisition of that component and its subsequent 
replacement. The life cycle of the component is indeed the life cycle of the building, 
because the component needs to be regarded as an input to the building in the context 
of life cycle costing. 
 
2.1.6.2 Inflation rate 
 
With a view to dealing with the effects of inflation on the life cycle cost, there are two 
approaches as suggested by Flanagan & Norman (1989) and Ferry & Flanagan (1991). 
The first way is to adopt the “real term” concept in which all future costs and prices 
are estimated at present day (real) values excluding the effect of inflation. This 
method can only be applied when all the costs increase in the line with the same 
inflation rate. 
 
However, Rakhra (1980) pointed out that the labour costs, material costs and energy 
costs are unlikely to change at exactly the same rate. As various cost elements, such 
as the capital, maintenance and running cost, vary according to the labour and 
material components, it cannot be assumed that the same inflation rate will prevail in 
each case. Ignoring the difference in inflation rate will create the discrepancies in the 
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calculations and thus a comparable evaluation amongst a range of options can not be 
made. Actually, this differential inflation has a profound effect on the life cycle 
costing calculation, in particular where inflation impose a greater effect on some cash 
flows than others. A typical instance is the maintenance work having a higher labour 
component than new work. 
 
Under this circumstance, a “nominal terms” can be used to take account of the 
inflation prediction can be adopted. Under this means, both the effects of general price 
inflation and the real earning power of money invested over time are reflected. 
 
2.1.6.3 Discount rate 
 
Flanagan & Norman (1983) and Dale (1993) assert that the discount rate is employed 
to determine the time value of money. Before various design options can be compared 
directly, all costs incurred over a time scale should be brought to a single present 
value of an equivalent basis by discounting method (Fabrycky & Blanchard, 1991; 
Ferry & Flanagan, 1991). However, the selection of the discount rate is a 
controversial area within the literature. Indeed, it has been argued that the discount 
rate is one of the most critical variables which constitute a barrier to further use of life 
cycle costing. 
 
Just in the meaning of discount rate, there are several versions in the literature. Hoar 
& Norman (1990) argue that the discount rate is used to calculate the present value 
which represents the sum of money if set aside today which would just cover the 
future expenditure. So they suggest that the discount rate should therefore be the 
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market rate of interest without including a risk premium. However, Flanagan & 
Norman (1983) suggest that the discount rate should be based on the opportunity cost 
of capital. Whereas Ruegg & Marshall (1990) propose a risk-adjusted discount rate 
should be used to allow for varying degrees of risk between projects and the 
uncertainty of future events. 
 
Regarding the choice of discount rate, they can be simply categorised to two types. 
One is nominal discount rate which takes account of inflation and the other is real 
discount rate which excludes any effect for inflation. No matter which one is used, it 
is of crucial importance that cash flows should be calculated on the same basis for 
every option under consideration. If the cash flows are estimated in nominal terms, 
they should be discounted at a nominal discount rate, and this should apply to all of 
the options under consideration. Similarly, if all estimates are estimated in real terms 
(current prices), then they should be discounted at the real discount rate. 
 
Although it is difficult to determine which one of the above approaches should be 
adopted, there is one simple rule which can be used regarding which approach is to be 
preferred (Hoar & Norman, 1990). If all cost estimates are expected to inflate at the 
same rate, then it is preferable to estimate the costs in a real discount rate. In contrast, 
the calculations should be performed in nominal discount rate if there is a differential 
inflation across different cash flows. 
 
On the other hand, Flanagan & Norman (1983), Grover & Grover (1987) and Hoar & 
Norman (1990) note that there is a shortcoming in the discounting method, which 
results in greater weighting being given to earlier cash flows than to later ones. 
 36 
Chapter Two - Literature Review 
Consequently, the project producing earlier inflows of income and later outflows of 
expenditure tend to be favoured. However the result becomes totally unfavoured for 
the project involving earlier outflows expenditure, but later inflows of income like the 
cost  
s in the future due to the preventative maintenance and energy insulation. The 
problem gets worse when a higher discount rate is used. 
 
Grover & Grover (1987) suggest a solution in determining a suitable discount rate so 
that a consistency in the choice of discount rates can be made. One of the approaches 
is to take the average cost of funds as the discount rate and a premium is often added 
to this as insurance against risk. 
 
2.1.6.4 Taxation 
 
It has been argued by Flanagan & Norman (1983) that the taxation imposes a 
significant effect on the costs of the construction and operation of buildings and, 
hence, on any particular option that is being considered by the client, especially in the 
countries such as United Kingdom which possesses a complex and non-stable taxation 
system. Therefore the life cycle costing studies should take account of taxation 
influences on costs. Generally, in the context of life cycle costing, it may be said that 
any expenditure incurred as a running cost of a building is deductible in the profit tax 
assessment, while capital expenditure, on the other hand, cannot be deducted directly 
in profit tax calculation since it is not treated as a simple business expense (Fuller & 
Petersen, 1995). 
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Seeley (1996) provides a detailed discussion in both arguments for and against the 
situation where there is a difference of tax relief between maintenance expenditure 
and capital expenditure. Firstly, for the argument against the tax relief, it is usually 
argued that given the non-taxable nature of maintenance expenditure, the maintenance 
work must be less expensive to the property owner than a new construction work 
under the same given volume. Hence it is in the favour of maintenance work rather 
than the new construction work. Under the increased demand for maintenance work, 
the building’s life span can be extended beyond its natural life and thus it results in 
uneconomic use of building, and deteriorated quality of living environment. 
 
Secondly, for the argument for the tax relief, such tax relief is often believed to have 
but a marginal effect on investment decisions in new building, and that the resultant 
effects of different degree of favour between new construction and maintenance may 
thus be less severe than is supposed. Furthermore, the money saved by initial capital 
expenditure on constructing a new building would be invested elsewhere to produce at 
least an equal return and consequently equal tax liability. 
 
2.1.7 Testing to the assumptions 
 
The major factors affecting the application of life cycle costing have been discussed 
and it is well known that life cycle cost decisions involve a considerable amount of 
uncertainty which makes its reliability questionable. Some examples of the techniques 
for testing proposed by Flanagan, et al (1987) and Marshall (1991) consist of benefit 
and cost estimating, sensitivity analysis, risk-adjusted discount rate, mean-variance 
criterion and coefficient of variance, decision analysis, and simulation. 
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Among those, the sensitivity analysis is commonly applied so that any possible errors 
in the calculation and subsequent decision making under different options can be 
avoided. It is suggested that in cases where there are small differences between the 
ranking of the options, then the major parameters of project life, discount rate, and so 
on should be examined by sensitivity analysis. The sensitivity analysis is executed by 
repeating the life cycle costing calculations with changing values of those factors. The 
less the outcome of calculation is altered by those changes, then the less sensitive is 
the project to changes in those factors. 
 
2.2 Previous Studies on Electricity Consumption Pattern & 
Modelling 
 
2.2.1 University buildings 
 
Due to the growing concern about energy consumption in buildings, Gómez-Amo, et 
al (2004) carry out a pilot project in the University of Valencia, Spain, to study some 
possible methods for optimising energy consumption, including the electricity, 
according to the institution’s needs. Some recommendations on the incorporation of 
innovative and more efficient technologies of building services systems are also made. 
His study shows that a substitution of fluorescent tubes with higher efficiency make a 
reduction of around 20% in electricity consumption for the lighting and 30% in air 
conditioning systems. 
 
Furthermore, Scheuer, et al (2003) conduct a comprehensive case study on studying 
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the life cycle energy and environmental performance of a six-story building located 
on the University of Michigan campus. Given the complexities of interaction between 
the built and the natural environment, their study adopts a different approach from the 
other studies. A concept of life cycle assessment (LCA) is applied to examine the 
environmental impacts of an entire building. LCA is defined as “a process whereby 
the material and energy flows of a system are quantified and evaluated” (Scheuer, et 
al, 2003, pp. 1050). Computer modelling is employed in their study to determine 
primary energy consumption for heating, cooling, ventilation, lighting, hot water and 
sanitary water consumption. The results show that electrical energy to power the 
HVAC, lighting and electrical equipment accounts for 94.4% of life cycle energy 
consumption. 
 
The corresponding energy consumptions are measured in term of the building’s life 
cycle energy. The life cycle energy can be broken down into four categories, including 
initial energy to construct the building, recurring embodied energy to maintain and 
renovate the building, energy to operate the building (i.e. energy required to power the 
air conditioning, lighting, facilities and equipment), and lasting energy to demolish 
and dispose the building (Cole & Kernan, 1996). 
 
2.2.2 Office buildings 
 
In Hong Kong, there are many studies on the electricity use in office buildings for 
both public sector and private sector such as the research works carried out by Li & 
Lam (1999), Chow & Yu (2000), Lam, et al (2000), Yu & Chow (2001), Lam, et al 
(2004), etc.  
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The most recent one, carried out by Lam, et al (2004), investigates the percentage 
consumption for the four major electricity end uses, namely heating, ventilation and 
air conditioning (HVAC), lighting, electrical equipment, as well as lifts and escalators 
in 20 office buildings. The results show that their respective individual percentage 
consumption is 47.5%, 27.4%, 21.8% and 3.3%, respectively. Furthermore, they point 
out that the key factors affecting the electricity consumption in office buildings 
comprise the usage pattern of building, building envelope design, design and 
operational efficiency of the building services and equipment. 
 
His study also reveal that a simple regression model with the dependent variable of 
monthly electricity consumption and one independent variable of cooling degree day 
can provide a good fit of regression line for individual studied buildings. The cooling 
degree day is computed by summing the difference between daily average outside air 
temperature and the indoor temperature required during the same period and it is used 
to indicate how often and to what extent cooling will be required during a particular 
cooling period. Therefore, the cooling degree day which can be considered as a 
derivative of air temperature, does impose a direct influence on the electricity 
consumption. 
 
From the energy saving’s point of view, it is of great significance to point out the 
findings of the study carried out by Li, et al, (2003) who study on the long term 
climatic effects of air temperature and solar radiation on the building cooling loads 
and energy performance of HVAC system in Hong Kong commercial office buildings. 
His work is done by a computer simulation of 22-year long term weather databases. 
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The simulation results show that all current design values for cooling load in the air 
conditioning system are greater than the peak values obtained from computer 
simulations. This proves that there is a problem of over-design in the air conditioning 
system in Hong Kong office buildings and, hence a waste of electrical energy in the 
occupation stage is resulted. The building services designers and engineers should 
examine the effect of local climate on sizing of HVAC system in details before 
selecting the appropriate system design options. 
 
2.2.3 Residential buildings 
 
Through a two-phase self-administered diary survey carried out in 1999 and 2000, 
Tso & Yau (2003) investigate the domestic energy usage patterns of a total of 1516 
households. Furthermore, the effects of housing type, household characteristics and 
electrical appliances on domestic electricity consumption level are also examined in 
summer and winter period separately using a stepwise multiple regression model. 
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Source: Tso, G. K. F. & Yau, K. K. W. (2003, pp.1677) A study of domestic energy usage patterns 
in Hong Kong, Energy, 28(15), pp. 1671-1682.  
 
According to consumption breakdown by the energy types, electricity is the dominant 
type of energy consumption accounting for 63.7% of the total. For the electrical 
energy distribution, air-conditioning is the largest end-use, on average consuming 
46% of the total. While the refrigerating, water heating and lighting account for 19%, 
11% and 10% respectively. When categorised the consumption according to summer 
and winter period, there is an apparent difference between consumption patterns of the 
two seasons, especially for the air-conditioning systems. The air-conditioning system 
consumes more in summer than in winter by 35% of the total. 
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Source: Tso, G. K. F. & Yau, K. K. W. (2003, pp. 1679) A study of domestic energy usage patterns 
in Hong Kong, Energy, 28(15), pp. 1671-1682. 
 
The regression results, in which the housing types and appliances are expressed as 
dummy variables, show that housing type is a significant factor in determining 
electricity consumption in winter period only. In particular, private housing, on 
average, consumes 16 kW per week more than the public rental housing does. 
 
Particular to housing characteristics, the flat size, household income and number of 
household members are found to be significantly related to the increased electricity 
consumption in summer. Some of the electrical appliances like air-conditioners, 
clothes dryers, rangehoods and ventilation fans show the same result in summer. 
However, in winter, the electric water heater is the only significant factor among the 
electrical appliances, showing an increase of 47kW weekly consumption. 
 
From the results, it is apparent that electricity consumption pattern differs 
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significantly between summer and winter. Such seasonal effect can be attributable to 
the different effect of housing types, household characteristics and electrical 
appliances on the electricity consumption. 
 
However, further research work is needed in this regression model since the there may 
be a correlation between the housing characteristics and housing types. For instance, 
rent and flat sizes of public rental housings depend on the types of housing. 
Additionally, the fact that all households have refrigerating and lighting appliances 
leads to the insignificant results of these two appliances in the t-tests, therefore, 
incorporating the variables of refrigerating and lighting appliances may not be 
appropriate. 
 
Not only the variables of housing type, household characteristics and electrical 
appliances have been investigated in residential buildings, some weather variables are 
analysed by Yan (1998) who investigates the relationships between the electricity 
consumption and some independent variables of mean air temperature, vapour 
pressure, and cloud clover on variations in Hong Kong residential building. The 
results of the show that among three independent variables, only mean air temperature 
show a positive and significant effect monthly residential electricity consumption. 
 
2.2.4 Hotel buildings 
 
Hotel buildings are unique in term of the energy consumption pattern, when compared 
to other types of commercial buildings. They are different from other commercial 
buildings in the areas of operating schedules of building services, numbers and types 
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of facilities, variability of occupancy levels throughout the year, variability of guests’ 
preferences of indoor comfort, etc. and thus they have unique energy consumption 
pattern. In the research work carried out by Deng & Burnett (2000), the total energy 
(including electricity, gas and diesel oil) performance of 16 Hong Kong hotels, 
ranging from three star to five-star, are investigated using energy consumption data in 
1995. Energy Use Index (EUI), defined as the total energy consumption per unit of 
gross floor area, is employed as an indicator to evaluate the energy performance in 
individual hotels. Their study considers the percentage breakdown of total energy 
consumption, the factors, other than seasonal factors, affecting the EUI and lastly 
difficulties in evaluating energy performance of the hotel buildings. 
 
The percentage breakdown of the total electricity consumption is determined by 
records from sub-meters, detailed site surveys and site measurements. Firstly, 
according to the energy types, 73% of total energy consumed, on average in hotels in 
Hong Kong, is electricity in the studied hotels in 1995. While the statistical summary 
of electricity consumption breakdown for the 16 hotels shows that, on average, 45% 
of electrical energy consumed is for air conditioning, 17% for lighting, 7% for lifts 
and escalators, and 31% for other electrical appliances. 
 
These findings reveal that there is a great difference in the consumption percentage of 
lighting between the hotel buildings and office. The study carried out by Lam, et al 
(2004) indicates that in office buildings, the lighting accounts for 27.4% of percentage 
consumption, which is higher than that in the hotel buildings by 10%. The reason for 
these findings is the users’ activities. A higher value of lux level is required for the 
office works in office buildings than that for the activities in hotel buildings. 
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Therefore, the lighting demand per unit area and the percentage consumption are 
higher in office buildings. 
 
While concerning HVAC system, similar percentage consumption on the use of air 
conditioning in hotel buildings and office buildings is observed. Although there are 
more heat gain from the electrical appliances, such as computers, printers, 
photocopiers, fax machines, typewriters and miscellaneous equipment, leading to a 
higher cooling load in the office buildings, the 24-hour air-conditioning supply 
required in hotel buildings outweighs this effect. As a result, under similar users’ 
requirement on the cooling comfort in these two building uses, there is a similar 
percentage of electricity consumption on HVAC system.  
 
Deng & Burnett (2000) also derive a multiple regression model to test if there are any 
other potential factors influencing electricity use other than the mean outdoor air 
temperature. The multiple regression is in the form of: 
 
EUI = f (hotel class, occupancy level, total floor area, hotel age, no. of guest rooms, 
no. of restaurants)  
 
Nevertheless, none of the above factors is significant under the t-test. One of the main 
reasons is the limited sample size. Only 16 hotel buildings, in this model, are 
insufficient to produce a satisfactory result. Another reason is that the huge amount of 
electricity consumed in air conditioning system, about 32% of the total, dominates the 
total building energy consumption As a result, monthly variations of the total energy 
consumption, are not directly related to the hotel occupancy level, total floor area, 
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age, etc. Rather it is affected by the mean outdoor air temperature since the largest 
electricity consumer of air conditioning systems is strongly weather dependent.  
 
2.2.5 Implications 
 
The findings from previous research works about the analysis of electricity 
consumption pattern in the university, office, residential and hotel buildings point out 
that there are different electricity consumption patterns for various building uses. The 
main reasons are the differences in usage pattern, occupants’ activities, occupation 
density, facilities and electrical equipment in different types of buildings.  
 
Moreover, the previous studies on modellings the electricity consumption reveal that 
air temperature is always a crucial factor on variations of the electrical energy 
consumption in different building types. It is apparently due to the fact that the 
amount of consumption in HVAC system, being largest electricity consumption 
component, is greatly dependent of the air temperature.  
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2.3 Time Series Forecasting 
 
2.3.1 Deterministic and stochastic process 
 
There are two types of forecasting models, either deterministic or stochastic. 
Deterministic implies that the historical events will replicate in the future; while 
stochastic simply means random (Granger & Newbold, 1986). 
 
Bowerman & O’Connell (1993) and Fellows & Liu (2002) claim that the 
deterministic model itself does not provide a description of the random nature while 
the stochastic does. The deterministic model usually involves the application of 
extrapolation or trend projection techniques, while the stochastic model involves a 
random drawn from a probability distribution and it needs not match the actual past 
behaviour of the data of series. 
 
The deterministic model is a less sophisticated and inexpensive means of forecasting, 
although it usually does not provide as much forecasting accuracy as does the 
stochastic model. Contrary to deterministic model, stochastic model, in some extent, 
is not in favour in practical consideration. Stochastic model is a more complex 
method and it cannot take account of “shocks”. On the other hand, the complete 
specification of the probability distribution function for a time series usually is 
impossible (Pindyck & Rubinfeld, 1998). 
 
The deterministic model is applicable when the changes in the data occur in a slow 
and consistent way. Actually, predictions made by stochastic techniques are employed 
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rarely in building industry of Britain (cited in Fellows, 1986). Rather, 
 
“intuition or experience is usually 
employed to adjust the forecast 
estimates given by a deterministic 
model so that resultant predictions 
tend to accord with forecasters’ 
expectations” (Fellows, 1986, 
pp.57). 
 
Apart from merits of less sophisticated and inexpensive nature, the results from a 
deterministic model can be easily taken into account the forecasters’ expectations in 
providing final predictions. 
 
Last but not least, Shipworth (2002) asserts that most operational energy analysis 
methods, such as current embodied energy analysis methods, are deterministic. Such 
analysis forecast estimates of the operational energy based on meteorological data, 
design of building envelope, performance of mechanical equipment, and lastly 
occupants’ behaviour. 
 
2.3.2 Importance of time series model 
 
“Prediction is an important function of management” (Fellows, 1986, pp.57). 
Planning for the future is an essential aspect of managing any organisation (Anderson, 
et al, 1999). Thus the application of time series modelling in forecasting the 
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electricity consumption /cost should be used not only in the context of prediction of 
future value but also as a tool for university to reduce the future electricity 
consumption in buildings. 
 
2.3.3 Definition of time series 
 
There is a variety of definitions suggested by different authors. Most of them are 
similar and under the same concept. Harnett & Murphy (1985) define a time series as  
 
“a set of numbers arisen from 
recording the observations of a 
variable which is a function of 
time”.  
 
Pfaffenberger & Patterson (1987) regard it as  
 
“a series consisting of statistical 
data that are collected, recorded, 
or observed over successive 
increments of time”.  
 
Newbold (1988) defines a time series as  
 
“a set of measurements, ordered 
over time, on a particular quantity 
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of interest”.  
 
Lastly, Hamburg & Young (1994) and Keller & Warrack (2003) give a similar 
definition that a time series is a set of statistical observations or any variables 
arranged in chronological order. 
 
2.3.4 Objective of time series analysis 
 
From the above definitions, only a preliminary concept of the time series analysis can 
be implied from, which is to analyse the historical data arranged in chronological 
order. In contrast, Pfaffenberger & Patterson (1987) provide a comprehensive 
discussion regarding the objectives of studying time series analysis. Its main objective 
lies in ability to estimate the value or the level of the series for a specified interval. 
The one which can provide a good forecast of future values of the time series is better 
in term of forecast accuracy. 
 
2.3.5 Components of time series 
 
According to Morse (1993), Hamburg & Young (1994), McClave, et al (2001) and 
Fellows & Liu (2002), a time series consists of the following components and they are 
catagorised as: 
 
Trend (T): Long term trend of a time series is the smooth component of the series that 
represents the general long-run growth or decline in the time series over an extended 
period of time. 
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Cyclical (C): Cyclical component of a time series refers to the recurring movements 
above and below the trend of the series lasting usually more than one year.  
 
Seasonal (S): Seasonal component is repetitive and predictable movement, over one 
year’s time or in a shorter period, such as a week or a day, around the trend. Some 
seasonal variations may arise from nature’s seasons, social customs. 
 
Irregular/ Residual (I): Irregular component in a time series is a random variation that 
is not described as or attributed to trend, cyclical, seasonal factor. Part of the residual 
effect may be attributable to unpredictable events and part to the randomness of 
human actions. 
 
2.3.6 Nature of time series model 
 
Basically, there are two types of time series models which are defined as 
multiplicative model and additive model.  
 
2.3.6.1 Multiplicative model 
 
The most widely used model of a time series is the multiplicative model, in which the 
series is described as the product of four components, Trend (T), Seasonal (S), 
Cyclical (C), and irregular (I). This model is well suited to situations in which 
percentage changes best represent the movement in the series (Pfaffenberger & 
Patterson, 1987). It turns out that a wide variety of economics as well as other data are 
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best represented by some model other than the multiplicative one, hence its 
widespread acceptance as the standard or the norm. 
 
According to Fellows & Liu (2002), the multiplicative model can be expressed by the 
following equation. 
 
Y = T x S x C x I 
 
2.3.6.2 Additive model 
 
The other form, additive model may be appropriate when the four components 
interacted in an additive fashion in producing a given series. It is expressed as the 
addition of four components. If it is observed that the components interact in an 
additive manner in which constant changes can represent the movement in the series, 
the additive model is more suitable. (McClave, et al, 2001; Morse, 1993). The 
additive model can be expressed by the following equation (Fellows & Liu, 2002). 
 
Y = T + S + C + I 
 
2.3.7 Patterns of secular trend 
 
2.3.7.1 Arithmetic straight line-trend 
 
By far, the most commonly applied trend curve is the arithmetic straight-line trend, 
fitted by the method of least squares technique. This particular trend is applicable for 
 54 
Chapter Two - Literature Review 
series in which period to period changes are constant in absolute amount, which is 
different from the time series that are changing at a constant rate as discussed in 
semi-logarithmic trend. This straight-line trend can be represented by the following 
equation (Hamburg & Young, 1994). 
 
Y= c + ax 
 
Pfaffenberger & Patterson (1987) suggest that method of first differences is a quick 
method for testing or assessing the appropriateness of straight-line trend model. This 
model is an appropriate representation provided that there is a fairly constant 
difference between the successive observations of a series. 
 
The best equation can be chosen by making a line graph of the time series and then 
examining if the graph generally is sufficient to choose between a linear, a second 
order, or an exponential equation (Morse, 1993; Hamburg & Young, 1994). When the 
choice of trend equation is not so apparent, more than one of the above equations can 
be estimated and tested by F-statistic. The equation with a larger F-statistic would be 
chosen. 
 
A linear trend model is applicable when there is no apparent pattern to whether the 
line graph of the series is above or below the straight line. 
 
2.3.7.2 Second-degree parabola trend 
 
When the observed data appear not to fall in a straight line, the second-degree 
 55 
Chapter Two - Literature Review 
parabola may be applicable in this case. It is described as the following equation. 
 
Y= c + ax + bx2 
 
The testing method for the appropriateness of a second-degree parabola is based on 
the method of second differences which are taken on the first differences. Such 
second differences are constant between successive observations of the given time 
series. A second order equation is suitable when the series displays curvature or a 
change of direction (Morse, 1993; McClave, et al, 2001). 
 
2.3.7.3 Semi-logarithmic trend 
 
When the given time series is increasing at a constant rate between successive 
observations, the semi-logarithmic model based on an exponential curve is suggested 
for measuring the trend component. Actually both a straight-line trend and an 
exponential trend fit a constant growth pattern, but the two equations differ in the 
nature of the growth. For the straight-line trend, it is appropriate when the growth or 
decay per period is a relatively constant absolute amount. While an exponent curve is 
fitted when the growth or decay per period is a relatively constant rate (Morse, 1993). 
 
2.4 Conclusion 
 
This chapter has given a wide variety of literatures on several aspects of life cycle 
costing. The discussion provides a deeper understanding about the importance of 
running cost including the energy cost of electricity to the determination of total costs 
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of buildings at design stage as well as to the implementation of energy management 
and energy conservation strategies at occupation stage. Time scale, inflation rate, 
discount rate, and taxation are found to be the essential factors affecting the life cycle 
costing appraisal. 
 
Further, the previous studies on analysing the electricity consumption pattern have 
been examined and discussed. The critical discussion shows that the electricity 
consumption pattern is different for a range of building uses, such as office, hotel and 
university buildings. Additionally, the studies on modellings the electricity 
consumption reveal that there is a common factor affecting the electricity 
consumption in a variety of building types. It is the air temperature which greatly 
affects the cooling load of buildings, so it is worth studying its effects on the electrical 
energy use of university buildings. In this Study, correlation tests between weather 
parameters and electricity consumption are performed in Chapter Seven to ascertain 
the effects of these external factors. 
 
The findings from the discussion on the types and methods of time series forecasting 
indicate that there are two basic methods of forecasting, one is deterministic method 
and another is stochastic method. The major advantage of deterministic process is the 
less sophisticated and inexpensive nature, while that of stochastic process is the 
accurate forecasting results. Moreover, four components of a time series are 
investigated. The Trend (T), Seasonal (S), Cyclical (C), and irregular (I) components 
represent the long term secular trend, recurring movements above and below the trend, 
predictable repetitive movement within a year, and unpredictable random variations 
respectively.  
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There are two forms of time series models, namely additive model and multiplicative 
model. They are expressed as the addition of four components and the product of four 
components respectively.  
 
Finally, as little emphasis has been put on the energy performance of university 
buildings, it is necessary to redress this research “imbalance”. In later chapters, this 
Study endeavours to investigate electricity consumption pattern in the university 
buildings and develop realistic electricity consumption forecasting models for the 
estate/facilities managers. 
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Chapter Three 
 
Government’s Involvements  
in Electrical Energy Conservation 
 
3.0 Introduction 
 
The Building energy regulations, standards, codes of practice and guidelines developed 
in Hong Kong in the past few years include the Building (Energy Efficiency) Regulation7, 
Code of Practice for Overall Thermal Transfer Value in Buildings 1995 published by 
Buildings Department, and a wide variety of Building Energy Codes published by 
Electrical and Mechanical Services Department (EMSD). 
 
 
3.1 Energy Legislation and Guidelines 
 
Building (Energy Efficiency) Regulation stipulates that the specified buildings descried 
in its Schedule need to be designed and constructed in compliance with a suitable overall 
thermal transfer value. Nevertheless, up to now, this Regulation only applies to 
commercial buildings and hotels only. The other types of buildings, like residential 
buildings, also consume a substantial energy in air-conditioning system, in spite of a 
lower consumption than that in commercial buildings. It is also necessary to apply the 
                                                 
7 Cap. 123M, Laws of Hong Kong. 
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concept of Overall Thermal Transfer Value to a wider range of uses as well. 
 
In July 1996, the Government set up Energy Efficiency and Conservation Sub-committee 
of the Energy Advisory Committee to replace former Energy Efficiency Advisory 
Committee. The primary function of this Sub-committee is to consider proposals to 
improve energy efficiency and to advise government on them. The Sub-committee 
consists of representatives from government officials, public utility companies, 
professional bodies, property sector and academic field. 
 
Meanwhile, a number of Building Energy Codes have been published since 1998 by 
EMSD in conjunction with task force which consists of 17 organisations from the 
building industry. The Building Codes comprise “Code of Practice for Energy Efficiency 
of Lighting Installations”, “Code of Practice for Energy Efficiency of Air Conditioning 
Installations”, “Code of Practice for Energy Efficiency of Lift & Escalator Installations”, 
“Code of Practice for Energy Efficiency of Electrical Installations” and 
“Performance-based Building Energy Code”. These Building Energy Codes mainly 
cover the design of building services. 
 
3.2 Energy Efficiency Programme 
 
EMSD established an Energy Efficiency Office in 1994 so as to provide the technical 
expertise and promote the energy efficiency schemes and programmes8. These schemes 
and programmes are discussed as follows. 
 
                                                 
8 Electrical and Mechanical Services Department, the Government of HKSAR. 
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3.2.1 Energy Management  
 
The concept of Energy Management has been promoted by EMSD since many years ago, 
its primary aim is to provide a framework in the use and management of energy. EMSD 
suggests that Energy Management Programme can be started with conducting an Energy 
Audit in which the Energy Management Opportunities can be identified. 
 
3.2.1.1 Energy Audit 
 
The Energy Audit in accordance with the energy standard guidelines aims to understand 
how and where the energy is being used and, thereby identifying any Energy 
Management Opportunities for energy saving, such as the incorporation of new energy 
efficient systems or equipments. 
 
In conjunction with Energy Management, EMSD has also published many guidelines for 
reference. For instance, there are “Standards of Power Quality with Reference to the 
Code of Practice for Energy Efficiency of Electrical Installations”, “Guidelines on 
Energy Audit”, “Application Guide to Central Control and Monitoring Systems”, etc. 
 
However, there are two main shortcomings exist in this Energy Management’s concept. 
Firstly, the human and financial resources required to conduct an Energy Audit is 
enormous. Secondly, all of the energy guidelines are non-statutory. In other words, they 
are of no enforcement power and the building developers, architects or other persons 
responsible for the design and construction of buildings may simply ignore these 
guidelines. Much effort needs to be put in informing the building owners and users of the 
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benefits of Energy Management. Consequently, the effectiveness in achieving the energy 
management and energy saving is questionable. 
 
3.2.2 Energy efficiency schemes and programmes 
 
On top of the Energy Management’s concept, EMSD has implemented several schemes 
and programmes in recent years. They are Energy Efficiency Registration Scheme for 
Buildings, Energy Efficiency Labelling Schemes and Demand Side Management 
Programmes launched in 1998, 1995, and 2000 respectively. 
 
3.2.2.1 Energy Efficiency Registration Scheme for Buildings 
 
The main objective of Energy Efficiency Registration Scheme for Buildings is to provide 
a voluntary framework for implementing the Building Energy Codes which set out the 
minimum energy efficiency requirements. Under this Registration Scheme, a Registration 
Certificate is issued to the buildings which successfully meet the standards of the relevant 
Building Energy Codes. 
 
In order to encourage and promote the incorporation of some innovative energy efficient 
building design features into this Registration Scheme, EMSD develops the 
“Performance-based Building Energy Code” which has been effective since March 2003. 
One of the merits of using the performance-based requirement as the standard is the 
higher flexibility for energy-efficient building design when some alternative compliance 
pathways to the current set of Codes are also accepted in this Registration Scheme.  
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3.2.2.2 Energy Efficiency Labelling Scheme 
 
Energy Efficiency Labelling Scheme is a voluntary scheme for electrical appliance’s 
manufacturers to participate in. It achieves the objective of energy conservation by 
arousing the awareness of energy efficiency in the building design through the 
appliance’s energy label which is able to inform consumer of the product’s level of 
energy consumption and efficiency rating. The scheme now covers the areas of 
household electrical appliances, office equipment and petrol passenger cars. 
 
There is one main shortcoming in both Energy Efficiency Registration Scheme and 
Energy Efficiency Labelling Scheme. These two schemes are voluntary in nature, the 
effectiveness is again questionable. 
 
3.2.2.3 Demand Side Management Programme 
 
The main target of the Demand Side Management Programme is the consumers or users. 
This Programme aims to reduce electricity peak demand and energy consumption by 
influencing the level or timing of consumers’ electricity demand. 
 
So far, three types of Demand Side Management Programme, namely Energy Efficiency 
Programme, Peak Clipping Programme and Load Shifting Programme have been 
identified for encouraging consumers to buy and use energy efficient appliances, 
encouraging consumers to reduce their electricity demand during peak periods and 
encouraging consumers to shift their electricity consumption from peak periods to 
off-peak periods respectively. Under this Demand Side Management Programme 
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electricity can be used efficiently, the use of power generation facilities can be optimized, 
and the fuel for electricity generation can be reduced. These mutual benefits serve as 
incentives for power companies and every user to co-operate in managing the electrical 
energy demand in Hong Kong. 
 
Currently, both Hong Kong Electric Co. Ltd. and CLP Power Hong Kong Ltd. agreed to 
implement the Demand Side Management Programme in 2000. During this 3-year 
programme implementation period, the Energy Efficiency Office together with Economic 
Services Bureau are responsible for monitoring the performance of these programmes, 
and acting as a co-ordinator in developing new Demand Side Management Programme 
under the power companies’ efforts. 
 
3.3 Conclusion 
 
In short, the Government has put much effort on promoting the concept of energy 
efficient building design and energy efficient electrical appliances through different 
schemes and programmes, together with a wide variety of statutory building energy 
regulation and codes of practice, and non-statutory guidelines in Hong Kong. Of crucial 
importance, the public’s awareness is a vital factor leading to the success of these energy 
efficiency schemes. Only when the concept of energy efficiency becomes one of the 
factors in purchasing decision, the developers, architects, manufactures, and so on, will 
take account of energy efficiency in their buildings and equipment designs because of the 
increasing demand. Nevertheless there is still a room for improvement in the 
effectiveness of arousing the public’s awareness of energy saving and energy efficiency 
through the current regulations, schemes and programmes. 
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Chapter Four 
 
Research Design 
 
4.0 Introduction 
 
This chapter discusses the research design of this Study and presents the reasons for 
choosing the particular research methods as well as the data collection techniques. In 
addition, a wide variety of statistical analyses including plotting of data, seasonal 
index, moving-average technique and correlation test are adopted in order to 
overcome the deficiencies involved in using a single analysis method and to enhance 
the objectivity of research findings. As a result, a more comprehensive analysis of 
research is produced. 
 
4.1 Overview of Research Design 
 
First, review of related literature, journal articles, conference papers and other 
reference materials is the basic source for background and general information 
concerning life cycle costing theory, factors affecting electrical energy consumption 
pattern and time series modelling and forecasting. 
 
Afterwards, case study method is used as the research strategy in order to investigate 
and explain how the electricity consumption pattern is affected by different factors, 
and also to identify problems in Hong Kong university buildings.  
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For the data analysis, a number of methods of plotting data (including diagrams, 
tables, charts and graphs), seasonal index, moving-average technique and correlation 
test are employed for analysing electricity consumption pattern. Through these 
analyses, the difference and similarities of consumption pattern are discussed. 
 
Last but not least, in order to provide a useful management tool for The University of 
Hong Kong in monitoring and controlling the energy consumption, deterministic time 
series forecasting models for electrical energy consumption in university academic 
buildings are built in Chapter Eight. 
 
4.2 Research Strategies 
 
4.2.1 Types of research strategies 
 
Yin (2003) identifies five major research strategies, which are catagorised as 
Experiments, Surveys, Archival analysis, Histories and Case studies. The question of 
which research strategy is appropriate is determined by three conditions (Yin, 2003), 
which are: 
 
1) the type of research question. 
2) the extent of control over actual behavioral events. 
3) the degree of focus on contemporary events. 
 
According to Yin (2003), the case study is usually in favour to be a research strategy 
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when 1) “how” or “why” questions are posted in the study, 2) the control of 
behavioral events is not required, and 3) the contemporary events are focused. 
 
This Study begins with “how” question as stated in Chapter One and the 
contemporary electricity consumption pattern is focused in this Study in which no 
control of behavioral events is required. It satisfies all of the above three conditions, 
therefore a case study is adopted as the research strategy. 
 
4.2.2 Case study research strategy 
 
Researcher Yin (2003, pp. 13) defines the case study research strategy as “an 
empirical inquiry that investigates a contemporary phenomenon within its real-life 
context, especially when the boundaries between phenomenon and context are not 
clearly evident”. Actually, a case study is a comprehensive research strategy that also 
covers the logic of design, data collection techniques and the approaches to data 
analysis. 
 
In this Study, six steps drawn upon from the studies carry out by Yin (2003) and Stake 
(1995), are followed to carry out the case study. 
 
1) Determine and define the research questions  
2) Select the cases 
3) Determine data collection and analysis techniques  
4) Collect the data  
5) Analyze data and evaluate the result  
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6) Prepare the report 
 
4.2.3 Research questions  
 
In this Study, it is primarily focused in identifying electricity consumption influencing 
factors, examining how those factors affect electricity consumption pattern in 
university academic buildings, and investigating the accuracy levels of forecasting 
electricity consumption by deterministic time series models. 
 
4.2.4 Selected case for investigation 
 
The University of Hong Kong is selected as the subject of case study because of two 
main reasons. First, a very high level of electricity consumption and cost is always 
incurred in such a large complex with many buildings and there is a substantial 
growth of electricity cost since early 90s. This phenomenon can be attributable to the 
considerable increase of floor area in The University, with 61% growth from 1993 to 
2001, and therefore electricity cost has risen substantially by 92% over that period. 
Apart from the expansion of The University, this increase in electricity cost is due to 
the fact that institutional buildings have a considerable standard of energy requests 
and need to guarantee a high level of environmental comfort. Such increasing trend 
needs to be notified and explained and it signifies the value and contribution of this 
research work to energy performance of The University. 
 
Second, of most crucial importance, practical consideration in the availability of data 
and information needs to be taken into account. The sensitivity of costs or expenditure 
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information in every organisation is very high, so they are usually confidential and 
inaccessible by the public. The University of Hong Kong is the only organisation 
from which the electricity consumption data can be obtained at minimal cost at the 
data collection stage. 
 
4.2.4.1 Background of The University of Hong Kong 
 
It is the oldest university in Hong Kong, situated in Pok Fu Lam, with an age of 
approximately 90 years old. Over the last nine decades it has expanded in size 
considerably. Up to 1999, it accommodates over 11,000 full-time and 60,000 
part-time students within a campus of 450,000 square metre total floor area (Wilson & 
Wilson, 1999). As a consequence, the huge size of campus area and heavy demand of 
usage imply that it is of great significance to make specific improvements in the 
electricity consumption which is a major constituent of running cost. 
 
4.2.5 Selection criteria of target buildings 
 
The University of Hong Kong contains many buildings with different uses such as 
academic buildings, laboratory buildings, library buildings, hall of residences, staff 
residences, sport centers, etc. Nonetheless not all these building types are the focus of 
this Study. 
 
The selection of the buildings is based on the following four-fold criteria: 
 
1. The sample should include the two major building uses in university, namely 
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lecture rooms and department offices. 
2. The buildings are built not earlier than 1970. 
3. The buildings should have centralised air conditioning systems. 
4. Of most crucial importance, the electricity consumption data for at least five 
years are available. 
 
Only the academic buildings with two major building uses with respect to university 
functions, namely lecture rooms for teaching purpose and department offices for 
administrative purpose are satisfied the above four criteria and become the subject of 
this research. Whilst the other types of buildings such as the laboratory buildings, hall 
of residences, staff residences, sport centers are not the focus. Strictly speaking, this 
Study only refers to the academic buildings with classrooms/ lecture rooms for 
teaching purpose, department offices for administrative purpose and other general 
facilities and equipment. Finally, five buildings are satisfied the above four criteria 
and selected as the targets of case study, namely K.K. Leung Building, Knowles 
Building, Meng Wah Complex, Chow Yei Ching Building and Tsui Tsin Tong 
Building. 
 
4.2.6 Data collection technique 
 
After identifying the target buildings in the case study, next step is to identify how the 
data can be collected. In this Study, two data collection techniques are used to collect 
the information of each individual building. First, the information of monthly 
electricity consumption, age, gross floor area and usage pattern of the individual 
buildings are obtained via the “hard” documentary data collection. Second, for the 
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information relating to the management and operation of individual buildings, 
face-to-face interviews are used. 
 
4.2.6.1 Collection of “hard” documentary data 
 
1. Physical characteristics of studied buildings 
 
The information of physical characteristics, including age, gross floor area, height and 
usage pattern of five studied buildings is collected from Estate Office in The 
University of Hong Kong in the form of hard data. They are of great importance to the 
analyses of electricity use pattern. 
 
2. Annual building electricity consumption 
 
With the authorisation from Estate Office in The University for the access to the 
consumption amount of electrical energy, monthly electricity consumption data are 
collected for each of the six university buildings over the academic years from 97-98 
to 02-03. The academic year is chosen as the relevant time scale because the policies 
relating to energy performance are proposed and implemented within the academic 
year. Therefore in all cases, it is more appropriate to analyse the electricity 
consumption and discuss the corresponding issues on the basis of academic year 
rather than a year staring from January to December. These monthly raw data include 
the electricity use of the entire building which generally comprises department offices, 
staff rooms, classrooms, research laboratories, and common areas, except the 
Knowles Building because the energy consumed in the Central Chilled Water Plant 
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situated near James Lee Building is not counted. 
 
These raw data obtained from Estate Office are then manipulated for the purpose of 
analysis. To account for variations in the building scale/size, monthly electricity use 
per unit gross floor area9 (GFA) is used. 
 
3. Monthly mean ambient temperature and relative humidity 
 
The data of monthly mean ambient temperature and relative humidity, from July 1997 
to June 2003, are essential for the analyses of the effects weather parameters on the 
electricity consumption under the correlation tests. They are obtained from the 
website of Hong Kong Observatory where they are free of charge for the public’s 
access. 
 
4.2.6.2 Face-to-Face interview 
 
1. Key factors influencing electricity consumption 
 
Identifying key factors influencing electricity consumption in buildings is a type of 
“what” question. Although any of the five research strategies can be used in this case, 
a face-to-face interview is selected to identify those factors as this can allow the 
flexibility and control over the entire process to the interviewer. The interviews are 
conducted with professionals and practitioners consisting of the academics, building 
                                                 
9 Gross Floor Area of a building is the area contained within the external walls of the building 
measured at each floor level, together with the thickness of external walls, but excluding carpark and 
plant room areas. 
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services engineers and maintenance surveyors of the Estate/ Facilities Management 
Office in several universities in Hong Kong. Among various types of face-to-face 
interview, semi-structured interview is used in this Study and the reasons for choosing 
it are discussed later. 
 
Apart from face-to-face interview, review of literature is also employed to collect 
information of the factors influencing building electricity consumption. The use of 
literature review has a merit of cross-checking the findings from the interviews 
conducted with the professionals. 
 
2. Design, management and operation of the individual buildings 
 
Information such as envelope design, management and daily operation of the 
individual buildings, are collected through face-to-face interviews with the building 
services engineers and maintenance surveyors of the Estate Office in The University 
of Hong Kong, supplemented by on-site inspections, examination of building floor 
plans and elevation plans. The interviews conducted with professionals help identify 
not only design, management and daily operation of the university buildings for the 
analysis of electricity consumption pattern, but also potential problems existing in the 
building design, managing and operational level. Particularly, in order to find out 
individual consumption proportions of services systems in the academic buildings, 
this involves the discussion with maintenance managers of the Estate Office and the 
site visits for each of the five selected buildings. 
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Semi-structured interview 
 
Through the face-to-face interviews with the staff of the Estate Office in the 
University of Hong Kong, the Hong Kong Polytechnic University and City University 
of Hong Kong, lecturers of academic institutions, their professional opinions and 
valuable experience supplement the research results and discussion. After confirming 
the interview from interviewees, the topic to be discussed and interview questions will 
be sent to them in advance. The prior notifications of the topic and interview 
questions allow the interviewees have enough time to get familiar with the interview 
topic and prepare the useful information and material in advance.  
 
The Semi-structured interview is employed in this Study. One of the major advantages 
of using semi-structured interview is the collection of in-depth information. In this 
approach, interviewers can on one hand send a list of pre-determined questions prior 
to the interviews and on the other hand can ask follow-up and supplementary 
questions during the interviews. More in-depth information can be obtained through 
probing the interviewees’ response by asking follow-up questions so that deeper and 
more comprehensive information can be pursued in the interviews.  
 
Besides, the semi-structured interview allows greater flexibility for interviewers in 
controlling the complexity and types of questions to be asked, as well as the interview 
environment since whenever there is an inappropriate or incomplete answer given by 
the respondents, interviewers can use probes to request for elaboration or clarification. 
 
4.2.7 Data analysis and Discussion of results 
 
Chapter Six presents the data analysis consisting of interview, physical characteristics 
and usage pattern of the studied buildings, test for significance of correlation 
coefficient and lastly regression modelling. While Chapter Seven discusses and 
evaluate the results. 
 74 
Chapter Four - Research Design 
4.3 Statistical Analysis 
 
4.3.1 Plotting of data 
 
Fellows & Liu (2002) suggest that it is better to begin with the data analysis by 
examining the raw data to search for any patterns or relationships. If only relying on 
the theory and literature to suggest the patterns may hinder any new findings. As a 
result, to begin with the analysis in this Study, the raw data of electricity consumption 
are examined firstly to search for consumption patterns by the means of plotting the 
data in the forms of tables, diagrams, charts and graphs. The comparison on the 
electricity consumption pattern between individual buildings, including the 
consumption level, peak trend is examined and explained. 
 
4.3.2 Seasonal index 
 
When making a direct month to month comparison on electricity consumption of a 
building, it is necessary to take account of the seasonal effects, i.e. Seasonal 
Component, in order to provide a better analysis and interpretation. For instance, there 
is a rise of consumption from May to June, the increase might be only due to the 
seasonal effect associated with the increased use of air conditioning in summer period 
but nothing relating to long-term rise of the electricity consumption. Seasonal 
Component can be represented by the seasonal index. 
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4.3.2.1 Computation of Seasonal Index 
 
The first step of determining the seasonal index is to compute the Seasonal Irregular 
Value which is the combined effect of Seasonal (S) and Irregular (I) components. The 
Seasonal Irregular Value is identified by dividing each time series observation by the 
corresponding 12-Month Moving Average. Therefore, before computing the Seasonal 
Index, 12-Month Moving Average needs to be calculated. 
 
a. Calculation of Month Moving Average 
 
A simple 12-Month Moving Average is simply a monthly average of the original 12 
monthly data figures of electricity consumption successively advanced one month at a 
time (Hamburg &Young, 1994). Mathematically a simple 12-Month Moving Average 
is made as follows. 
 
)YYYYYYYYYYYY(
12
1MAMonth -12 5t4t3t2t1tt1-t2-t3-t4-t5-t6-t +++++ +++++++++++=
 
However, it leads to a problem of centering of dates. An average of twelve monthly 
figures is centered halfway between the dating of fifth and sixth months and hence, is 
not correspond to the date of either of these two monthly figures. In order to solve this 
problem, Yeomans (1968) suggests that one more monthly data is used but double 
weighting is given to the eleven middle monthly figures. Therefore a 12-Month 
Moving Average used in this Study is expressed mathematically in Equation 1. 
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Equation 1: 
 
)YY2Y2Y2Y2Y2Y2Y2Y2Y2Y2Y2Y(
24
1MAMonth -12 6t5t4t3t2t1tt1-t2-t3-t4-t5-t6-t ++++++ ++++++++++++=
 
or 
)YY2...Y2...Y2Y(
24
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b. Calculation of Seasonal Index 
 
After calculating the Seasonal Irregular Value, the irregular component presented in 
Seasonal Irregular Value should be eliminated so as to obtain the pure seasonal 
component. 
 
Since the month to month fluctuations in the Seasonal Irregular Value can be 
attributed primarily to the irregular component, the irregular effect can be eliminated 
by computing the average value of Seasonal Irregular Value in the same calendar 
month of each year. After eliminating the irregular component, Seasonal Index solely 
representing the Seasonal (S) component is obtained. 
 
Last but not least, one final adjustment is necessary in correcting the rounding errors 
to obtain the corrected seasonal indices (Yeomans, 1968). Ideally, the sum of the 
twelve seasonal indices in a year should equal 12.00. Put it another way, the seasonal 
effects must even out over the year. If it is not the case, adjustment is needed to 
correct the rounding errors. It is done by multiplying each seasonal index by number 
of seasons, i.e. twelve in this Study, and then divided by the sum of the unadjusted 
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seasonal indices. 
 
4.3.3 Smoothed trend by 12-Month Moving Average Technique 
 
According to Yeomans (1968), one of the common methods applied to estimate the 
trend of times series observations is the Moving Average Technique. He also suggests 
that if the periodicity of the cycles appears to be constant, and the successive peaks 
and troughs are apart from each other at exactly the same number of months (n), then 
an n-month moving average is suffice to produce the trend estimate. From the 
preliminary analysis of the monthly electricity consumption data, the successive peaks 
and troughs of electricity consumption series of the studied buildings are apart from 
each other at exactly 12 months. Accordingly, 12-Month Moving Average is used in 
this Study. For the computation of 12-Month Moving Average, the steps have been 
demonstrated previously. After computing 12-Month Moving Average, the long term 
trend component can, therefore, be isolated from electricity consumption time series 
to provide a clearer picture for direct comparisons among the selected buildings when 
significant fluctuations exist within a year. 
 
4.3.4 Pearson product moment coefficient of correlation 
 
The correlation tests, based on the Pearson product moment coefficient of correlation 
are performed with an objective of identifying and investigating the effect of the 
weather parameters on the variation of electricity consumption pattern. The 
correlation coefficients can be computed by the equation 2: 
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Equation 2: 
yx
xy
s s
s
r =  
 
Where,  
r = correlation coefficient between monthly electricity consumption and weather 
parameter 
sx = sample standard deviation of monthly electricity consumption 
sy = sample standard deviation of weather parameter 
sxy = sample covariance of the two observations 
 
Totally, there are two correlation tests. One is executed between monthly electrical 
energy consumption and monthly mean ambient temperature and the other is between 
monthly electrical energy consumption and monthly mean relative humidity.  
 
On the other hand, the t-tests are also carried out for testing the significance of 
correlation coefficients. The test statistic is shown as equation 3. 
 
Equation 3: 
2
x
xy r-1
2-n rt
y
=  
 
The correlation coefficient is said to be significant at a particular level of significance 
when the t-statistic is larger than the positive critical value of t or smaller than the 
negative critical value of t at the corresponding significance level. 
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4.4 Construction of Time Series Forecasting Model  
 
4.4.1 Deterministic and stochastic process 
 
Due to the less sophisticated and inexpensive nature of deterministic approach as 
discussed in Chapter Two, time series models, based on a deterministic process 
together with the ordinary least squares technique is used for predicting the future 
electricity consumption level in this Study. 
 
4.4.2 Nature of time series model 
 
According to Pfaffenberger & Patterson (1987) and McClave, et al, (2001), 
multiplicative model provides a better forecasting model when percentage changes 
best represent the movement in the series. On the contrary, additive model is best 
suitable in which constant changes can represent the movement in the series. 
Consequently, the multiplicative model, rather than additive model is adopted in 
predicting the electricity consumption in this Study since the movement of the 
electricity time series is best represented by the percentage changes rather than by 
constant changes in absolute amount. 
 
4.4.2.1 Multiplicative model 
 
According to Fellows & Liu (2002), a typical multiplicative model is expressed 
mathematically as follows. 
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Y = T x C x S x I 
 
4.4.3 Specification of time series models 
 
Multiple regression analysis based on Ordinary Least Squares (OLS) technique is 
employed to construct a deterministic time series model. The multiple regression 
analysis and the technique involved will be discussed later. 
 
Time variable is added to the model in order to capture the trend of the observed time 
series. Since the time is of calendar month and year, it should be changed to numerical 
number before inputting for regression analysis. The time variable ranges from T = 1 
for July 1997 to T = 60 for June 2002. 
 
Because there is a prior knowledge that climatic effect is a key factor of the seasonal 
fluctuations for the electricity consumption time series (Eto, 1988 ; Segal, et al, 1992; 
Scott, et al, 1994; Pretlove & Oreszczyn, 1998, Yan, 1998 and Sailor, 2001), the 
seasonal effects are necessarily considered in constructing the model. According to 
McClave, et al, (2001), the use of dummy variables to capture the seasonal effects is 
common and effective, although there are a wide variety of mathematical forms to 
describe the seasonal fluctuations. Seasonal dummy variables including S1, S2 and S3 
which stand for the Spring, Summer and Autumn respectively are also added in oder 
to capture the effects due to weather variables, such as temperature, relative humidity, 
solar radiation, etc. 
 
 81 
Chapter Four - Research Design 
On top of the external factors of seasonal effect, the internal factor of occupants’ 
behaviours, has a significant effect on the energy consumption pattern. However, it is 
difficult to predict and quantify the occupants’ behaviours and thereby this factor is 
excluded in modelling the electricity consumption. 
 
4.3.3.1 Linear-form and Transformation 
 
The plotted trends from the observed series after removing both cyclical and seasonal 
component via 12-month moving average10 reveal that no clear particular trend, other 
than straight line with random fluctuation exists. It is reasonable to assume that a 
linear relationship exists in the derived equation and so a linear-form for the derived 
equation 4 is investigated first. The transformation process to the data will be 
considered only if the independent variables based on a linear-form equation, exhibit 
insignificant results in the t-tests. If it is the case, squared term of the variables would 
be added first and reciprocal term would be included when the addition of squared 
term is not effective. 
 
Models for individual buildings 
 
In total, five time series models, with the same independent variables, for each studied 
building are developed and test in this Study. They are expressed by equation 4. 
 
                                                 
10 Refer to Figures 20-24. 
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Equation 4: 
 
ln Y = a0 + a1T + a2 S1 + a3 S2 + a4 S3 + e 
 
Y: Monthly electricity consumption 
 
T: Time period, ranging from T=1 for July 1997, to T=60 for June 2002. 
 
S1: a dummy variable which equals to 1 if it is in Spring period, from March to May, 
and 0 otherwise.  
 
S2: a dummy variable which equals to 1 if it is in Summer period, from June to 
September, and 0 otherwise. 
 
S3: a dummy variable which equals to 1 if it is in Autumn period, from October to 
November, and 0 otherwise. 
 
e: Error term/ residual term. 
 
4.4.4 Multiple Linear Regression Method 
 
The Multiple Linear Regression Method is applied to estimate the coefficients of 
independent variables since the linear relationship and more than one independent 
variable are involved in the equation. The Method makes use of the Ordinary Least 
Squares (OLS) Technique that minimizes the sum of the square of the residual terms, 
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to assess relationships between the dependent variable and independent variables. 
EView 3.0 statistical package is adopted for performing the multiple linear regression 
analysis and for computing the coefficients and their respective t-statistics in this 
Study. 
 
The relationships between the dependent variable and independent variables are 
examined using regression technique. The magnitudes of the coefficients of 
independent variables are relevant for consideration when it is statistically significant 
under the t-test. For the degree of goodness of fit for the fitted line, it is tested by 
Coefficient of determination (R2).  
 
4.4.4.1 t-statistics 
 
t-statistics of the coefficients of independent variables are essential for determining if 
the coefficients are statistically significant. In order to test the degree of significance 
for the effects of independent variables on dependent variable, t-tests are carried out. 
The t-statistics obtained are then compared with a critical value of t so as to determine 
if the corresponding coefficient is significant or not. The rejection rule for null 
hypothesis in which there is no effect of the independent variable on dependent 
variable is defined as follows. 
 
Rejection rule:  /2/20 t t ifor  t tifHReject αα <−>
 
Where  is the significance level and  is based on a t distribution and degrees 
of freedom. 
α /2tα
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If coefficient of the independent variable is significant, it can then be concluded that 
this variable has an effect on dependent variable. The larger the t-value or smaller the 
p-value of an independent variable, the more accurate the estimate is. 
 
4.4.4.2 Coefficient 
 
The coefficient of any independent variable is relevant for consideration as far as it is 
statistically significant. It is a measure of the magnitude of an independent variable on 
the dependent variable. The sign of coefficient can be either positive or negative, 
indicating the positive or negative relationship between independent variable and 
dependent variable. 
 
4.4.4.3 Coefficient of determination (R2) 
 
The purpose of employing coefficient of determination (R2) is to find out how well a 
linear model fits to a set of data (McClave, et al, 2001). The value of R2 represents the 
fraction of sample variations in the dependent variable (i.e. monthly electricity 
consumption) explained by variations in the independent variables (i.e. time variable 
and three seasonal dummy variables). The coefficient of determination is defined in 
equation 5. 
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Equation 5: 
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= Explained sample variation/ Total sample variation  
= Proportion of total sample variability explained by the linear relationship 
 
where, 
tY : observed actual value of electricity consumption 
−
tY : mean of electricity consumption 
^
tY : value of consumption in best fit regression line 
 
The value of R2 is between 0 and 1. If R2 is 0.80, it indicates that the variation in 
independent variables accounts for 80% of variability in the dependent variable. 
 
However, a large number of independent variables should be avoided because R2 
increases as more independent variables are added to the model irrespective of 
whether these variables are significant.  
 
4.4.5 Expected results 
 
It is expected that the coefficients of three seasonal dummy variables, S1 (Spring), S2 
(Summer) and S3 (Autumn) are all significant because the weather parameters like 
temperature, relative humidity and solar radiation, which are strongly dependent of 
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seasonal period, are crucial electricity consumption influencing factors.  
 
Furthermore, Winter is chosen as the base in this model and thereby the magnitudes of 
the coefficients of seasonal dummy variables indicate their relative degrees of 
influences on the electricity consumption level compared to that of winter period. 
Positive magnitudes of the coefficients of all seasonal dummy variables meaning a 
higher consumption in Spring, Summer and Autumn compared to that in Winter are 
expected, since it is well known that more electrical energy is consumed during hotter 
and more humid period.  
 
4.4.6 Validation of models 
 
After the time series models for 5 buildings are constructed, validation tests are 
required to evaluate the models whether they can provide good ex-post predictions 
with acceptable levels of accuracy. A validation test is defined by Fellows & Liu 
(2002) as a test of comparing the model’s output resulting from known inputs to 
realisations of the reality, i.e. the evaluation of accuracy of the model’s forecasting. 
 
In addition, Fellows & Liu (2002) also note the importance of using another set of 
data not used in deriving the modeling (i.e. ex-post data) in validation test.  
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They argue that if it is not the case, 
 
“the model would, inevitably, contain 
an element of being a “self-fulfilling 
prophesy” with consequent distortion 
to the fit, variability and accuracy 
measurements” (Fellows & Liu, 2002, 
pp. 103). 
 
Ex-post predictions by the models are done over twelve months. The data from 97-98 
to 01-02 are used for deriving a time series model whilst the last set of data in 02-03 
(ex-post data set which has not been used in constructing the models) are used for 
testing the forecast accuracy. Inputting coefficients of the independent variables into 
these models, the future consumptions for various buildings in 02-03 are then 
computed. Two indicators, Mean Absolute Percentage Error (MAPE) and Root Mean 
Square Error (RMSE) are employed in the validation test for assessing the accuracy of 
ex-post predictions. 
 
MAPE is a measure of the average absolute deviation of the predicted values of 
electricity consumption to the actual values. Whilst RMSE is a measure of how close 
the predicted values are to the actual values. 
 
Mathematically, MAPE is defined as the average of absolute percentage difference 
between the forecasted and actual values as shown in Equation 6 and the Root Mean 
Square Error is defined as the square root of the mean squared difference between the 
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forecast and actual values of the time series as shown in Equation 7. Both MAPE and 
RMSE are computed by comparing predicted values obtained from derived model to 
the actual values from 02-03. The minimisation of both MAPE and RMSE indicate 
the most accurate model. 
 
Equation 6: 
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Equation 7:  
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where,  
 
Yt = Predicted value 
At = Actual value 
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4.5 Conclusion 
 
A detailed research strategy of case study is used to carry this Study since “how” 
question is posted as the research question and the contemporary electricity 
consumption pattern is focused in this Study. Several selection criteria are established 
for choosing the target buildings for the case study.  
 
Regarding the data collection, a variety of data collection techniques have been used, 
the data of physical characteristics of buildings, monthly electricity consumption, 
mean temperature and relative humidity are obtained in the form of hard documentary 
data. While the details of important factors influencing electricity consumption and 
the information with respect to design, management and operation of the individual 
buildings are obtained via the semi-structured interview with different professionals. 
The main advantages of using semi-structured interview are the allowance for 
follow-up questions and control of interviewer during the interviews.  
 
Concerning the analyses of the electricity consumption pattern of the studied 
buildings, some statistical analyses are employed. Last but not least, the multiple 
regression method based on ordinary least squares technique and validation tests are 
applied to construct deterministic time series forecasting models. 
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Chapter Five 
 
Key Factors Influencing Electricity Consumption 
 
5.0 Introduction 
 
In this chapter, different factors imposing direct influences on the building electrical 
energy use are discussed. These factors are identified from findings of the literatures 
and results of the interviews.  
 
5.1 Internal factors 
 
The list of internal factors are summarised as follows. 
 
1. Usage pattern of building 
2. Users’ activities and behaviours 
3. Building envelope design 
4. Building services design and efficiency 
 
5.1.1 Usage pattern of building 
 
According to the overseas studies carried out by Allan (1993), University of British 
Columbia (1994) and Boussabaine (1999), the ways the premises are used and 
managed have significant effects on the building energy consumption pattern. In 
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Hong Kong, Lam, et al (2004) also agree that the usage pattern is crucial to the 
electricity consumption pattern in Hong Kong buildings. 
 
Particular for the academic buildings in universities, all the interviewees hold the 
views that usage pattern is particularly critical in determining the consumption pattern 
since there are a wide range of uses co-existed in the academic buildings. For instance, 
the health facilities, library facilities, exhibition centre, etc. which can be incorporated 
into the university academic buildings. Unlike a typical office building with almost 
the same pattern of use, variations in the usage pattern impose significant effects on 
the electricity consumption pattern. 
 
5.1.2 Users’ activities and behaviours 
 
All the interviewees give the same response that activities and behaviours of the users 
within a building are the crucial factors. However, these factors are strongly 
dependent of many human factors which are difficult to be predicted and quantified, 
such as the users’ control, users’ activities, occupants’ comfort requirement, 
occupation density, management and maintenance of the building. All of these 
variables should be carefully examined before they are used to explain the electricity 
consumption pattern. 
 
5.1.3 Building envelope design 
 
Several overseas researchers, namely Norton & McElligott (1995), Boussabaine 
(1999) emphasize that the electricity consumption highly depends on the design of the 
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building fabric. Similarly, in the situation of Hong Kong, Lam, et al (2004), also point 
out that the building envelope design impose vital effects on the consumption pattern 
of Hong Kong buildings. 
 
All of the interviewees also agree that variations in the building shape, such as 
variations in the wall to floor ratio, can substantially affect the amount of heat gain 
through the building envelope and in turn the electricity use of HVAC system. 
Actually, in Hong Kong, there is a “Code of Practice for Overall Thermal Transfer 
Value in Buildings” which governs the amount of heat energy gain through the 
building envelope. Overall Thermal Transfer Value (OTTV) can be adopted as a 
measure of the heat gain into the building and in turn the building envelope design 
can be quantified. 
 
5.1.4 Building services design and efficiency 
 
Cole & Kernan (1996), Boussabaine (1999) assert that pattern of electricity 
consumption is also strongly dependent of building services efficiency in overseas. 
The energy cost among several design options should be assessed and evaluated via 
the life cycle costing analysis at the design stage so that the energy efficiency 
performance of building during occupation stage can be achieved. 
 
Similar to what the literature has highlighted, the interviewees regard some of the 
services systems as the essential components in relation to the electricity consumption, 
namely HVAC system, lighting system, electrical equipment, as well as lifts and 
escalators. Aforementioned in Chapter One, the major electricity end uses in office 
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buildings are HVAC system, lighting system, electrical equipment, as well as lifts and 
escalators accounting for 47.5%, 27.4%, 21.8% and 3.3%, respectively (Lam, et al, 
2004). As a result they are the critical components in the internal factor of building 
services design and efficiency and should be considered when the consumption 
pattern is interpreted and explained. 
 
5.1.5 Degree of effect 
 
There is a variety of studies about the effects of building envelope design and building 
services efficiency on energy use, such as the one carried out by Lam (1995), Sekhar 
& Chung (1998), Chow & Yu (2000), Salsbury & Diamond (2000). Unfortunately 
there are few empirical studies about the effects of users’ activities and behaviours on 
electricity consumption because it is hard to predict and quantify the human factors. It 
is difficult to assess which one of the discussed internal factors is the most influencing 
factor and further works need to be carried out in relation to their relative degrees of 
the effects on electrical energy use pattern. 
 
5.2 External factors 
 
The main external factors affecting the electricity consumption is the seasonal factors 
which include the air temperature, cooling degree day, relative humidity, solar 
radiation, etc. 
 
5.2.1 Seasonal factors 
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There are many overseas studies showing that the weather variables are known to be 
essential factors on building electrical energy use, including those carried out by Eto 
(1988), Segal, et al (1992), Scott, et al (1994), Haberl, et al (1996), Pretlove & 
Oreszczyn (1998) and Sailor (2001). Despite Hong Kong’s sub-tropical climate, all 
the interviewees and many researchers agree that the seasonal variations in air 
temperature, relative humidity and solar radiation are important factors in determining 
the building electricity consumption, particularly for heating and cooling of the space.  
 
Lam (1992), establishes a typical weather year for energy calculation for Hong Kong 
air-conditioned buildings and his findings show that among different weather 
parameters (including cloud amount, air pressure, solar radiation, dry bulb air 
temperature, wind speed, wind direction and dew-point temperature), only solar 
radiation, dry bulb air temperature and dew-point temperature as a proxy for relative 
humidity are found to be the key weather factors affecting building energy use pattern. 
Moreover, the researchers studies including Lam (1998; 1999), Yan (1998), and Lam 
& Li (2003) reveal that there is a strong relationship between electricity consumption 
and outdoor air temperature in various types of buildings such as residential buildings, 
office buildings and shopping malls. More detailed discussion of the studies about 
mean temperature and cooling degree day, which are always considered as the most 
critical parameter among different seasonal factors in Hong Kong, is made as follows. 
 
5.2.1.1 Mean temperature 
 
Among those studies, Yan (1998) investigates the effects of some weather variables, 
including mean temperature, vapour pressure, and cloud clover on variations in the 
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residential building electricity consumption in Hong Kong. The data of all these 
variables, from 1980 to 1994, are obtained from Royal Observatory. The results of 
regression analysis show a positive relationship between monthly residential 
electricity consumption and mean air temperature, with a high R2 of 0.820 provided. 
Nevertheless, no significant effect is shown for both vapour pressure and cloud cover 
in his study. On the other hand, the results indicate that weather variables exert a 
stronger influence on residential electricity consumption in summer period. It is 
reasonable since hot and humid summers require a significant proportion of the 
overall electricity consumption in air-conditioning system. In his study, the mean air 
temperature is proved to be a vital factor affecting the electricity consumption. 
 
5.2.1.2 Cooling degree day 
 
Lam, et al (2004) apply regression techniques to establish the relationships of 
dependent variable of monthly electricity consumption with independent variables of 
weather parameters under a sample of 20 air-conditioned government office buildings 
in Hong Kong. In his study, he constructs two models. Firstly, a simple regression 
model with only one independent variable of cooling degree day is built for each 
individual building so as to examine the relationship between monthly electricity 
consumption and cooling degree day. The results of coefficients of determination (R2) 
for 20 buildings, range from 0.85 to 0.97, reveal that a large proportion of variations 
in the dependent variable can be explained by variations in the independent variables 
and this simple regression model can give a quite accurate estimate of the electricity 
use for individual buildings.  
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Secondly, a general regression model is also constructed for all twenty studied 
buildings. At this time the general model is derived from three independent variables, 
namely building envelope heat gain, cooling degree day and internal load density. The 
result reveals that the coefficient of determination (R2) slumps substantially to 0.78.  
 
It indicates that this general model does not result in better estimates of the energy 
consumption when compared with the previous specific model for individual 
buildings. Indeed, it can be expected at the beginning that a specific model for a 
particular building must provide a fitter model than a general model derived from a 
sample of buildings. The reduction in R2 may also be due to the limited building 
sample size, only a sample of 20 numbers of buildings in his study may be insufficient. 
As a consequence, apart from mean temperature, the cooling degree day which, 
aforementioned, can be considered as a derivative of air temperature, also impose a 
direct influence to the electricity consumption. 
 
5.3 Conclusion 
 
The electricity consumption influencing factors can be categorised to internal and 
external factors. The internal factors consist of usage pattern, building envelope deign, 
and building services design and efficiency, while external factors include weather 
parameters of air temperature, cooling degree day, relative humidity and solar 
radiation. 
 
From the results of interview, it is found that all the interviewees hold the consistent 
view on identifying the major factors affecting building electrical energy use, 
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although they come from different backgrounds. Such consistency reflects that the 
information obtained is reliable for identifying and discussing the consumption 
influencing factors in this Study. They are essential to be addressed and discussed for 
the analyses of the electricity consumption pattern of the studied buildings in later 
chapter. 
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Chapter Six 
 
Data Analysis 
 
6.0 Introduction 
 
The data analysis is based on the data and information obtained through the collection 
of hard documentary data from the Estate Office and through the face-to-face 
interviews with various professionals. This chapter aims to present the analysis of 
interview, physical characteristics and usage pattern of the studied buildings, test for 
significance of correlation coefficient and lastly regression modelling. The analysis is 
critically useful for the discussion of the electricity consumption pattern in Chapter 
Seven. 
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6.1 Analysis of Interview 
Section I: General Information 
1. To understand the background information and characteristics of the electricity 
consumption in university academic buildings. 
2. To supplement the findings for achieving Four Objectives of this Study. 
Total number of questions: 6 
 
Section II: Electricity Consumption Influencing Factors (Objective 1 is achieved) 
1. To identify the factors affecting building electricity consumption pattern. 
2. To gather the general views on how these factors lead to the changes in building 
energy consumption level. 
Total number of questions: 2 
 
Section III: Specific Questions to the Studied Buildings (Objective 2 is achieved) 
1. To collect the information of various identified influencing factors in the studied 
buildings. 
2. To find out how those factors affect the pattern of electricity consumption in the 
studied buildings. 
Total number of questions: 15 
 
Section IV: Problems in the Studied Buildings (Objective 3 is achieved) 
1. To identify the problems leading to energy inefficiency in the studied buildings.  
2. To find out the reasons for the existence of these problems 
Total number of questions: 2 
 
Section V: Energy Saving Strategies 
1. To find out the possible energy conservation strategies in university buildings. 
2. To investigate the effects of implementing the energy saving strategies. 
3. To examine the difficulties in implementing these strategies in the studied buildings. 
4. To supplement the discussion on the recommendations to the studied buildings. 
Total number of questions: 6 
Table 1 Analysis of interview 
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6.2 Physical Characteristics of Studied Buildings 
 
Building Name Age Gross Floor Area (m2) Height (m) 
K.K. Leung Building 15 21,640 51.80 
Knowles Building 30 24,434 41.48 
Meng Wah Complex 8 14,317 39.25 
Chow Yei Ching Building 8 13,941 35.10 
Tsui Tsin Tong Building 7 5,450 49.21 
Table 2 Physical characteristics of studied buildings 
 
The information of physical characteristic is obtained from Estate Office in The 
University of Hong Kong. From the results (Table 2), the age of Knowles Building is 
significantly greater than that of the other 4 buildings, but the physical conditions and 
the services systems of Knowles Building are found to be basically sound and similar 
to the other 4 buildings during the site visits. So in this case, the substantial difference 
in age is regarded not to create a crucial effect on the electricity consumption in 
Knowles Building. 
 
For the gross floor area, Tsui Tsin Tong Building is relatively smaller amongst the 
selected buildings. The effects of the area on the electricity consumption, from the 
views of different professionals during interviews, are regarded to be insignificant. 
Therefore, the small size does not affect the electricity consumption much in Tsui Tsin 
Tong Building. 
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6.3 Usage Pattern 
 
Percentage Breakdown of Gross Floor Area
According to the Usage
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43%
5%17%2%
5%
14%
14%
Office facilities
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facilities
Research lab
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Student and staff
amenities
facilities
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Figure 4 Usage Pattern (K.K. Leung Building) 
 
Percentage Breakdown of Gross Floor Area
According to the Usage
Knowles Building
56%
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Figure 5 Usage Pattern (Knowles Building) 
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Percentage Breakdown of Gross Floor Area
According to the Usage
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Figure 6 Usage Pattern (Meng Wah Complex) 
 
Percentage Breakdown of Gross Floor Area
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Figure 7 Usage Pattern (Chow Yei Ching Building) 
 
Percentage Breakdown of Gross Floor Area
According to the Usage
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Figure 8 Usage Pattern (Tsui Tsin Tong Building) 
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Definitions11 
 
1) Office Facilities 
Definition: Office Facilities include Office and Office service  
 
A. Office: A room housing faculty, staff or students working at one or more desks, 
tables, or workstations.  
 
B. Office service: A room that directory serves an office or group of offices as an 
extension of the activities in those rooms. For instance, file rooms, break rooms, 
pantry serving office areas, copy and fax rooms, closets, private rest rooms, 
records rooms, office supply rooms, first aid rooms serving office areas, student 
counselling rooms, and testing rooms, private (restricted access) circulation 
areas 
 
2) Support Facilities 
Definition: Support facilities, which provide centralized space for various auxillary 
support systems and services of a campus, help keep all institutional programs and 
activities operational. 
 
3) Classroom Facilities 
Definition: Classroom Facilities include Classroom and Classroom services 
 
A. Classroom: A room used for classes and that is also not tied to a specific subject 
                                                 
11 Source: Estate Office, HKU. 
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or discipline by equipment in the room or the configuration of the room, 
including lecture rooms, lecture-demonstration rooms, seminar rooms, and 
general purpose classrooms. 
 
B. Classroom services: A room that directly serves one or more classrooms as an 
extension of the activities in that room. For instance, projection rooms, 
telecommunications control booths, preparation rooms, coat rooms, closets, 
storage areas, etc.  
 
4) Research Laboratory 
Definition: a room used primarily for laboratory experimentation, research or 
training in research methods; or professional research and observation; or structured 
creative activity within a specific program. 
 
6.3.1 Results 
 
The floor areas for different functions within the selected buildings are obtained and 
then presented in the form of pie chart. From the results, apart from the common 
usage in all these buildings for office facilities, support facilities, classroom facilities, 
research lab facilities, teaching lab facilities and student and staff amenities, there are 
some unique uses including library, health care facilities, and University Museum and 
Art Gallery situated in K.K Leung, Meng Wah Complex, and Tsui Tsin Tong Building 
respectively. 
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6.4 Extended Air-Conditioning Supply 
 
Buildings Request of 24-hour A/C supply (by % of Total GFA)12 
Request of extended A/C supply 
for the period from 7pm to 11pm  
(by % of Total GFA)13 
K.K. Leung 
Building 0% 25% 
Knowles 
Building 6% 55% 
Meng Wah 
Complex 1% 38% 
Chow Yei 
Ching Building 16% 50% 
Tsui Tsin Tong 
Building 35% 20% 
Table 3 Proportion of area with 24-hour and extended A/C supply 
 
6.5 A Test for Significance of Correlation Coefficient 
No correlation is expressed symbolically as . 0=xyρ
 
0:H
0:H
1
0
≠
=
xy
xy
ρ
ρ
 
 
Test statistic: 2
x
xy r-1
2-n rt
y
=  
 
Rejection rule:  /2/20 t t ifor  t tifHReject αα <−>
Where  is the significance level and  is based on a t distribution with n - 2 
degrees of freedom. 
α /2tα
                                                 
12 Average value from 01-02 to 02-03. 
13 Ditto 
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Buildings 
Correlation Coefficients between 
Monthly Electricity Consumption and 
Monthly Mean Ambient Temperature, rt 
Test 
Statistics 
K.K. Leung Building 0.8387 12.9 
Knowles Building 0.9202 19.7 
Meng Wah Complex 0.9501 25.5 
Chow Yei Ching Building 0.9179 19.4 
Tsui Tsin Tong Building 0.7813 10.5 
Table 4 Test Statistics for correlation coefficients between monthly electricity 
consumption and monthly mean temperature 
 
When the significance level is 5%, i.e.  0.05=α
 
The critical t-value, corresponding to  and (n - 2) = 70 degrees of freedom, 
is t
0.05=α
0.025 = 1.994. With the t-statistics for correlation coefficients of all buildings exceed 
1.994, the H0 of no correlation is rejected and it can be concluded at 5% significance 
level that the correlation coefficients for all buildings are not equal to 0. There appears 
to be correlation coefficients between monthly electricity consumption and monthly 
mean temperature at 5% significance level. 
 
The significance level is 1%  0.01=α
 
The critical t-value, corresponding to  and (n - 2) = 70 degrees of freedom, 
is t
0.01=α
0.005 = 2.648. With the t-statistics for correlation coefficients of all buildings exceed 
2.648, the H0 of no correlation is rejected and it can be concluded at 1% significance 
level that the correlation coefficients for all buildings are not equal to 0. There appears 
to be correlation coefficients between monthly electricity consumption and monthly 
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mean temperature at 1% significance level. 
 
Buildings 
Correlation Coefficients between 
Monthly Electricity Consumption and 
Monthly Mean Relative Humidity, rh 
Test 
Statistics 
K.K. Leung Building 0.2321 2.0 
Knowles Building 0.3197 2.8 
Meng Wah Complex 0.3275 2.9 
Chow Yei Ching Building 0.2580 2.2 
Tsui Tsin Tong Building 0.2725 2.4 
Table 5 Test Statistics for correlation coefficients between monthly electricity 
consumption and monthly mean relative humidity 
 
 
When the significance level is 5%, i.e.  0.05=α
 
The critical t-value, corresponding to  and (n - 2) = 70 degrees of freedom, 
is t
0.05=α
0.025 = 1.994. With the t-statistics for correlation coefficients of all buildings exceed 
1.994, the H0 of no correlation is rejected and it can be concluded at 5% significance 
level that the correlation coefficients for all buildings are not equal to 0. There appears 
to be correlation coefficients between monthly electricity consumption and monthly 
relative humidity at 5% significance level. 
 
The significance level is 1%  0.01=α
 
The critical t-value, corresponding to  and (n - 2) = 70 degrees of freedom, 
is t
0.01=α
0.005 = 2.648. With the t-statistics for correlation coefficients of Knowles Building 
and Meng Wah Complex exceed 2.648, the H0 of no correlation is rejected and it can 
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be concluded at 1% significance level that the correlation coefficients for Knowles 
Building and Meng Wah Complex are not equal to 0. There appears to be correlation 
coefficients between monthly electricity consumption and monthly relative humidity 
at 1% significance level for these two buildings. 
 
However, the t-statistics for correlation coefficients of K.K. Leung Building, Chow 
Yei Ching Building, Tsui Tsin Tong Building do not exceed 2.648, the H0 of no 
correlation is retained and it can be concluded at 1% significance level that the 
correlation coefficients for Knowles Building and Meng Wah Complex are equal to 0. 
There appears to be no correlation coefficients between monthly electricity 
consumption and monthly relative humidity at 1% significance level for these three 
buildings. 
 
6.6 Time Series Modelling 
 
K.K. Leung Building 
 
Dependent Variable: ln Y 
Method: Ordinary Least Squares 
Included observations: 60 
Variable Coefficient t-statistic p-value  
T -0.003430 -5.086030 0.0000  
S1 0.200736 6.117168 0.0000  
S2 0.344229 11.21861 0.0000  
S3 0.265211 7.234841 0.0000  
Constant 2.783120 89.19977 0.0000  
R2 0.749483   
Adjusted R2 0.731263   
 
Table 6 Results of regression modeling (K.K. Leung Building) 
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Knowles Building 
 
Dependent Variable: ln Y 
Method: Ordinary Least Squares 
Included observations: 60 
Variable Coefficient t-statistic p-value  
T 0.001449 1.850878 0.0696  
S1 0.256467 6.735137 0.0000  
S2 0.435520 12.23179 0.0000  
S3 0.297624 6.996746 0.0000  
Constant 2.391423 66.05078 0.0000  
R2 0.735097   
Adjusted R2 0.715831   
 
Table 7a Results of regression modelling (Knowles Building) 
 
Dependent Variable: ln Y 
Method: Ordinary Least Squares 
Included observations: 60 
Variable Coefficient t-statistic p-value  
T 0.002634 0.827624 0.4115  
S1 0.256699 6.687977 0.0000  
S2 0.435955 12.14275 0.0000  
S3 0.297690 6.943809 0.0000  
T2 -0.000194 -0.384508 0.7021  
Constant 2.378950 48.72515 0.0000  
R2 0.735820   
Adjusted R2 0.711359   
 
Table 7b Results of regression modelling with squared term (Knowles Building) 
 
Dependent Variable: ln Y 
Method: Ordinary Least Squares 
Included observations: 60 
Variable Coefficient t-statistic p-value  
T 0.000921 0.000932 0.3273  
S1 0.256707 6.746530 0.0000  
S2 0.442519 12.22193 0.0000  
S3 0.298507 7.021523 0.0000  
1/T -0.118189 -1.041661 0.3022  
Constant 2.414192 57.11529 0.0000  
R2 0.740315   
Adjusted R2 0.716270   
 
Table 7c Results of regression modelling with reciprocal term (Knowles Building) 
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Meng Wah Complex  
 
Dependent Variable: ln Y 
Method: Ordinary Least Squares 
Included observations: 60 
Variable Coefficient t-statistic p-value  
T 0.000521 0.884875 0.3804  
S1 0.256169 6.451995 0.0000  
S2 0.554310 14.93091 0.0000  
S3 0.327635 7.387039 0.0000  
Constant 2.470765 65.44930 0.0000  
R2 0.804646   
Adjusted R2 0.790438   
 
Table 8a Results of regression modelling (Meng Wah Complex) 
 
Dependent Variable: ln Y 
Method: Ordinary Least Squares 
Included observations: 60 
Variable Coefficient t-statistic p-value  
T -0.001796 -0.543154 0.5893  
S1 0.255715 0.039882 0.0000  
S2 0.553460 0.037306 0.0000  
S3 0.327507 0.044547 0.0000  
T2 0.000380 0.000525 0.4727  
Constant 2.495139 0.050732 0.0000  
R2 0.806520   
Adjusted R2 0.788605   
 
Table 8b Results of regression modelling with squared term (Meng Wah Complex) 
 
Dependent Variable: ln Y 
Method: Ordinary Least Squares 
Included observations: 60 
Variable Coefficient t-statistic p-value  
T 0.000921 0.192120 0.8484  
S1 0.256707 6.419911 0.0000  
S2 0.442519 14.70645 0.0000  
S3 0.298507 7.357115 0.0000  
1/T -0.118189 -0.626111 0.5339  
Constant 2.414192 56.03140 0.0000  
R2 0.806054   
Adjusted R2 0.788096   
 
Table 8c Results of regression modeling with reciprocal term (Meng Wah Complex) 
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Chow Yei Ching Building 
 
Dependent Variable: ln Y 
Method: Ordinary Least Squares 
Included observations: 60 
Variable Coefficient t-statistic p-value  
T -0.001441 -2.181329 0.0335  
S1 0.201772 6.279366 0.0000  
S2 0.365799 12.17484 0.0000  
S3 0.234887 6.543731 0.0000  
Constant 2.837003 92.85821 0.0000  
R2 0.741420   
Adjusted R2 0.722615   
 
Table 9 Results of regression modelling (Chow Yei Ching Building) 
 
Tsui Tsin Tong Building 
 
Dependent Variable: ln Y 
Method: Ordinary Least Squares 
Included observations: 60 
Variable Coefficient t-statistic p-value  
T 0.003682 5.952875 0.0000  
S1 0.141657 4.707113 0.0000  
S2 0.299248 10.63446 0.0000  
S3 0.162158 4.823547 0.0000  
Constant 3.052399 106.6754 0.0000  
R2 0.721322   
Adjusted R2 0.701055   
 
Table 10 Result of regression modelling (Tsui Tsin Tong Building) 
 
6.6.1 Results 
 
6.6.1.1 Linear-form model 
 
1. Coefficient 
 
Under the linear-form model without any transformation (Table 6, 7a, 8a, 9, 10) it is 
found that the signs of the coefficients of three seasonal dummy variables are positive 
 112 
Chapter Six - Data Analysis 
for all studied buildings. For the time variable, the signs of coefficients are positive 
only in Knowles Building, Meng Wah Complex, and Tsui Tsin Tong, whilst those in 
K.K. Leung Building and Chow Yei Ching Building are negative, showing that a 
positive relationship between monthly electricity consumption and time exists in 
Knowles Building, Meng Wah Complex, and Tsui Tsin Tong but a negative 
relationship in K.K. Leung Building and Chow Yei Ching Building. Moreover, 
magnitudes of the coefficients of time variable are 0.003682, 0.001449 and 0.000521 
for Tsui Tsin Tong Building, Knowles Building and Meng Wah Complex respectively, 
showing that the influence of the time on consumption level is the highest in Tsui Tsin 
Tong Building. 
 
2. t-test 
 
Regarding the results of t-tests, all the coefficients of seasonal dummy variables for 
all studied buildings are significant at 1% level of significance (Table 6, 7a, 8a, 9, 10), 
revealing that there is a relationship between monthly electricity consumption and 
seasonal period for all studied buildings. The coefficient of time variable is significant 
at 5% level of significance only for K.K. Leung Building, Chow Yei Ching Building 
and Tsui Tsin Tong Building indicating that there is a relationship between monthly 
electricity consumption and time only in these three buildings. 
 
3. Coefficient of determination (R2) 
 
Concerning the coefficients of determination (R2), their values are 0.749483, 
0.735097, 0.804646, 0.741420 and 0.721322 for K.K. Leung Building, Knowles 
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Building, Meng Wah Complex, Chow Yei Ching Building and Tsui Tsin Tong 
Building respectively (Table 6, 7a, 8a, 9, 10). These indicate that the proportions of 
sample variability in monthly electricity consumption explained by variations in the 
time variable, and three seasonal dummy variables varies from 72% to 80% for these 
5 buildings. 
 
6.6.1.2 Models with transformations 
 
When 5% level of significance is applied, the models with squared term for Knowles 
Building and Meng Wah Complex exhibit insignificant results for both coefficients of 
time variable (T) and squared term (T2) (Table 7b, 8b). Similarly, the models with 
reciprocal term for these two buildings also exhibit the same insignificant results for 
both coefficients of time variable (T) and reciprocal term (1/T) at 5% level of 
significance (Table 7c, 8c).  
 
For the models with squared term of T2 (Table 7b, 8b), the p-values of time variable 
(T) are 0.4115 and 0.5893 for Knowles Building and Meng Wah Complex 
respectively which are much higher than those in original linear-form model. Whilst 
for the models with reciprocal term of 1/T (Table 7c, 8c), the p-values of time variable 
(T) are 0.3273 and 0.8484 for these two buildings respectively and again they are 
much higher than those in original linear-form model. Since the coefficients of 
determination (R2) in linear-formed and transformed models are similar to each other, 
the original linear-formed model with a much lower p-value of time variable (T) is 
justified to be a more appropriate forecasting model for Knowles Building and Meng 
Wah Complex.
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Chapter Seven 
 
Results and Discussion 
 
7.0 Introduction 
 
This chapter endeavors to investigate and explain the following issues. 
 
First it explains and discusses the electrical energy use pattern using the electricity 
consumption influencing factors identified in Chapter Six. The issues to be discussed 
comprise the similarities and differences in the electricity consumption characteristics 
among different studied buildings, as well as the seasonal fluctuations of electricity 
use profile.  
 
Second, the major parameters of seasonal components are identified by performing 
correlation tests between monthly electricity consumption and two seasonal 
parameters, namely monthly mean ambient temperature and monthly mean relative 
humidity. The implications of the results are also discussed. 
 
Third, it examines the current problems of the academic buildings in relation to the 
design, managing and operational level of the buildings. 
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7.1 Electricity Consumption Characteristics 
 
7.1.1 Annual percentage consumption 
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Figure 9 Percentage of annual electricity consumption (K.K. Leung Building) 
 
Percentage of Annual Electricity Consumption
Knowles Building
97-98
16%
98-99
17%
99-00
16%
00-01
17%
01-02
17%
02-03
17%
97-98
98-99
99-00
00-01
01-02
02-03
 
Figure 10 Percentage of annual electricity consumption (Knowles Building) 
 
 116 
Chapter Seven - Results and Discussion 
 P ercentage of A nnual E lectricity C onsum ption
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Figure 11 Percentage of annual electricity consumption (Meng Wah Complex) 
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Figure 12 Percentage of annual electricity consumption (Chow Yei Ching Building) 
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Figure 13 Percentage of annual electricity consumption (Tsui Tsin Tong Building) 
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Figures 9-13 illustrate the percentage breakdown of annual electricity consumption, 
which is computed by dividing the annual consumption per GFA in one academic 
financial year by the total six-year consumption per GFA.  
 
The results give an idea about the fluctuations of annual consumption in the studied 
buildings in recent six academic years. In term of the percentage, there are small 
degrees of fluctuations between successive years, with only 1 to 2% difference. 
However, it may not true that there are small degrees of fluctuations when their 
annual consumption are expressed in absolute amount of monthly consumption, 
which are in kWh/m2 unit.  
 
Yet, the pie charts do not depict the whole picture as the percentage only indicates the 
relative proportion of annual consumption to the total six-year consumption but the 
trend, absolute change of consumption level, and seasonal fluctuations cannot be 
shown and investigated. Other means are employed for more detailed analyses and 
discussion. 
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7.1.2 Annual consumption 
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Figure 14 Annual electricity consumption pattern for each building (97-98 to 02-03) 
 
To simplify the analysis, the consumption data are expressed in annual amount and 
plotted in the form of trend line on Figure 14.  
 
With regard to annual consumption trend, annual electricity consumption of some 
studied buildings does vary from one year to another, despite a slighter degree of 
extend in some occasions. It is found that there is a clear ever-rising trend in Tsui Tsin 
Tong Building from 99-00 to 02-03. And there is a slightly rising trend in Knowles 
Building and Meng Wah Building from October 1999 to December 2002 and from 
January 2000 to December 2002 respectively. On the contrary, K.K. Leung Building 
demonstrates a sudden decline from 00-01 to 01-02 and Chow Yei Ching Building 
also exhibits a slightly decreasing trend from February 1999 to October 2001. All 
these observations will be explained in the later discussion of smoothed trend as a 
better picture of monthly trend is depicted when the moving average technique is 
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applied. 
 
Concerning the consumption levels, annual electrical energy consumption levels of 
the 5 selected buildings over the entire study period varies substantially. In 02-03, the 
annual electricity consumption level ranges from the lowest level of 188 
kWh/m2/annum in Knowles Building to the highest level of 368 kWh/m2/annum in 
Tsui Tsin Tong Building. While the annual electricity consumption for K.K. Leung 
Building, Meng Wah Complex and Chow Yei Ching Building is 198 kWh/m2/annum, 
217 kWh/m2/annum, 234 kWh/m2/annum respectively. 
 
In the following section, the differences in annual consumption levels amongst the 
studied buildings are examined and the reasons for such differences are also 
discussed. 
 
7.1.2.1 Consumption levels between buildings 
 
The observation of the apparent differences in annual consumption levels is explained 
by considering the differences in the usage pattern, users’ activities and behaviours 
and occupation density of studied buildings since the design models of the major 
HVAC, lighting, lift and escalator, the maintenance programmes for the services, 
energy conservation policies are very similar in all selected buildings. 
 
Tsui Tsin Tong Building 
 
There are three main reasons resulting to the highest electrical energy consumption 
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per GFA (kWh/m2/month) in Tsui Tsin Tong Building and they are discussed as 
follows. 
 
1. Usage pattern: University Museum and Art Gallery 
 
First, the University Museum and Art Gallery situated on G/F, 1/F and 2/F of Tsui 
Tsin Tong Building occupies 24% of total building’s floor areas (Figure 8). This 
Gallery is an exhibition use which is distinct from normal administrative use and 
teaching use of academic buildings in the requirements of indoor air quality and 
visual environment.  
 
Many art designs, such as oil paintings, sketches and drawings are displayed in this 
exhibition centre, so cool and dry air is required all the times in order to prevent those 
art deigns from contacting the moisture. A dehumidifier system is, therefore, installed 
for lowering moisture content of air and a 24-hour air-conditioning provision is 
needed for maintaining cool and dry indoor environment in this Gallery. Energy 
required to dehumidify the humid air and take away the moisture given off by the 
occupants and other sources, especially in hot summer period, can be very substantial. 
Accordingly, much more electrical energy is required than in normal situation as far 
as the additional dehumidifier together with 24-hour supply of cool and dry air are 
concerned.  
 
On the other hand, with a view to providing a better colour rendering to the art 
designs displayed there, tungsten spot lights are installed in this Gallery. Yet, the 
tungsten lights are not as energy efficient as fluorescent lights which are commonly 
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used in university academic buildings. Hence more electrical energy is consumed in 
these inefficient tungsten lights than in the other buildings. 
 
2. Users’ activities: Request of 24-hour and extended A/C provision 
 
In term of the percentage of total GFA, there are 35% floor areas with the request of 
24-hour air-conditioning supply and 20% floor areas with the request of extended 
air-conditioning provision for the period from 7pm to 11pm in Tsui Tsin Tong 
Building (Table 3). The 35% floor areas with the request of 24-hour air-conditioning 
provision indicate that, apart from the 24% floor areas of the Galley, additional 10% 
floor areas are supplied with 24-hour air conditioning. 
 
Such heavy demand for the 24-hour air-conditioning supply increases the electrical 
energy consumption to a great extent. Although there are only 20% floor areas 
supplied with extended air-conditioning supply for the period from 7pm to 11pm 
(Table 3) which is lower than Chow Yei Ching Building, with the second highest 
consumption level, by 30%. The additional energy consumed in Tsui Tsin Tong 
Building due to the 24-hour air-conditioning provision collectively far outweighs the 
smaller demand for extended air-conditioning supply. 
 
3. Occupation density 
 
Second, the highest occupation density14 in Tsui Tsin Tong Building with total floor 
areas of only 5,500m2 (Table 2), since there are large number of users in this building, 
                                                 
14 Mr. C. B. Lo, Senior Technical Manager, Maintenance and Operation Unit, HKU Estate Office, 
(Date: 04-03-04). 
 122 
Chapter Seven - Results and Discussion 
including staff, lecturers, students of Undergraduate Programme and Space 
Programme. The high occupation density results in a higher cooling demand 
requirement per unit floor area and higher load density of power input to the electrical 
equipment. Besides the higher cooling demand requirement and higher load density of 
the electrical equipment, heat gain from the appliances, such as computers, printers, 
photocopiers, fax machines, typewriters and miscellaneous equipment, is also 
proportional to occupation density of the premises (Lee, et al, 2001). If the floor area 
is densely packed with occupants, heat gain from both appliances and number of 
occupants per unit floor area is higher than that in a building with lower occupation 
density. Therefore, the cooling requirement and energy load of HVAC system also 
increase accordingly. 
 
In short, due to presence of the University Museum and Art Gallery, heavy demand 
for the 24-hour air-conditioning supply, and high occupation density, much more 
electrical energy is consumed and hence electricity consumption per annum are the 
highest in Tsui Tsin Tong Building when compared with the other 4 buildings. 
 
Chow Yei Ching Building 
 
1. Usage pattern: Research laboratories use 
 
The departments located in Chow Yei Ching Building comprise Department of Civil 
Engineering, Department of Computer Science and Information Systems, Department 
of Earth Sciences, and Department of Electrical and Electronic Engineering. In the 
course programmes of these Departments, there are some computer courses, 
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experimentation, research and training programmes which need to be carried out in 
research laboratories. Hence, about 35% of total floor areas are used for research 
laboratories (Figure 7). More electrical energy consumed in these research 
laboratories due to the higher loads of computers, instruments, and other special 
equipment as well as 24-hour air-conditioning and extended air-conditioning supply. 
Accordingly, higher electrical energy use is resulted in Chow Yei Ching Building 
where more than one third of total floor areas are served as research laboratories. 
 
2. Users’ activities: Request of 24-hour and extended A/C provision 
 
There are 25% and 50% floor areas with the request of 24-hour air-conditioning 
supply and extended air-conditioning supply for the period from 7pm to 11pm 
respectively (Table 3), the demands for these extended air-conditioning provisions are 
in the second position. 
 
These two reasons explain why the electrical energy use in Chow Yei Ching Building 
is higher than that in Meng Wah Building, K. K. Leung Building and Knowles 
Building. 
 
Meng Wah Complex 
 
1. Usage pattern: Clinic pharmacy area 
 
Similar to the University Museum and Art Gallery, the clinic pharmacy area in Meng 
Wah Complex is different from the other uses in the requirement of indoor air quality. 
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A 24-hour supply of dry and cool air is necessary in this pharmacy area. Nevertheless, 
this pharmacy area only occupies a very small portion of total areas of the building, 
smaller than 1% of total floor areas. Therefore, only an insignificant effect to the 
electricity consumption level of the Meng Wah Complex is created. 
 
2. Users’ activities: Request of extended A/C provision 
 
However, there are 38% floor areas with the request of extended air-conditioning 
supply for the period from 7pm to 11pm in this building (Table 3). This phenomenon 
is resulted from the presence of large number of research students. The demand for 
extended air-conditioning supply is higher than that of K.K. Leung Building. This 
explains why the consumption in Meng Wah Complex is higher than that in K.K. 
Leung Building. 
 
Knowles Building 
 
The main ground leading to the lowest consumption level in Knowles Building is that 
the data of electrical energy consumption in Knowles Building do not correspond to 
the total actual energy consumed in this building. The capacity of chilled water plant 
is not adequate enough to meet the cooling requirement of Knowles Building, so 
about one third of the chilled water in Knowles Building is provided by the Central 
Chiller Plant located near James Lee Building. As a result, the data of this building 
obtained from the Estate Office do not take account of that part of electrical energy 
consumed in the Central Chiller Plant and thus the observed amount of electrical 
energy consumption in Knowles Building obtained is less than the actual amount. 
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This explains why the Knowles Building has the lowest electricity consumption 
among the studied buildings.  
 
7.1.3 Peak consumption trend 
 
7.1.3.1 Peak consumption occurrence 
 
Year 
 
1998 1999 2000 2001 2002 2003 
K.K. Leung July July August August September May 
Knowles June July June May June May 
Meng Wah July July August August July May 
Chow Yei July July August August July May 
Tsui Tsin August August August September July May 
Table 11 Peak consumption of monthly electricity consumption (1998 - 2003) 
 
Peak electrical energy demand (Table 11) for all studied buildings over the period 
from 1998 to 2002 always exists during summer months. Although there is a summer 
holiday from mid-June to September in The University of Hong Kong, peak 
electricity consumption still occurs in summer period. There are two reasons. First, it 
is due to the fact that there are summer courses in summer period, despite of a smaller 
in number than the regular courses in term period, to be held in The University.  
 
Second, of most crucial importance, there is a significant increase of electrical energy 
consumption in HVAC system during hot and humid summer period.  
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HVAC system is the largest electricity end use, with individual percentage electricity 
consumption of about 50%15 of the total. In that way, monthly peak demand of 
electricity is mainly dependent of HVAC system, rather than lighting, electrical 
appliances or lift and escalator. Since HVAC system is regarded as a weather-sensitive 
load, its energy consumption is strongly dependent of the outside weather conditions 
(temperature, relative humidity and solar radiation). Whenever the outside 
temperature is higher than the required temperature inside the buildings, there is a 
heat gain through external surfaces into the buildings and consequently, cooling is 
required to maintain the indoor temperature to a comfortable level required. The 
higher the difference between the outside and inside temperature, more energy is 
consumed in HVAC system for cooling purpose. It explains why there is a much 
higher electricity consumption of HVAC system in summer than the other seasons.  
 
Such enormous increase in energy consumption of HVAC system dominates and 
outweighs all other factors, such as the less use of university buildings in summer 
period when there are fewer courses in summer period. 
 
On the other hand, an observation needs to be noted and explained. In 2003, peak 
consumption demands for all buildings occur in May, instead of summer months in 
the previous case. It is mainly due to the implementation of energy conservation 
measure in The University during summer holidays. Although there is a core time 
schedule of air conditioning provision (Table 12), the Estate Office enforces it loosely 
in the past summer holidays. Notwithstanding this, during summer holidays in 2003, 
                                                 
15 Mr. C. B. Lo, Senior Technical Manager, Maintenance and Operation Unit, HKU Estate Office, 
(Date: 04-03-04). 
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an “Environmental Management Team”, which has been set up for few years in The 
University of Hong Kong, puts into operation an effective energy saving measure 
which aims to tighten up the control on switch-on and switch-off times of air 
conditioning provision in department offices, staff rooms and central classrooms. The 
Estate Office then strictly implements the core time schedule of air conditioning 
provision during summer holidays in 2003 and it results in an energy saving in the 
largest electricity consumption component of HVAC system. In turn, an obvious 
decline of electrical energy use during summer holidays is observed from June to 
September in 200316 when compared with that in the past few years, and thereby the 
peak consumption shifts to May instead. In the term time, between September to June, 
the air conditioning provision normally follows the core time schedule in term period 
(Table 13). 
 
Core Time of A/C Provision in Summer Holiday Period 
 
 
Types of Usage 
Weekday Saturday Sunday & Holiday 
1. General Office 8:00 to 19:00 8:00 to 13:00 Close 
2. Staff Room 8:00 to 19:00 8:00 to 13:00 Close 
3. Central Classroom On request 
Table 12 Core time schedule of A/C provision in Summer Holiday Period17 
 
Core Time of A/C Provision in Term Period 
 
 
Types of Usage 
Weekday Saturday Sunday & Holiday 
1. General Office 8:00 to 19:00 8:00 to 19:00 Close 
2. Staff Room 8:00 to 19:00 8:00 to 19:00 Close 
3. Central Classroom On request 
Table 13 Core time schedule of A/C provision in Term Period18 
                                                 
16 Mr. C. B. Lo, Senior Technical Manager, Maintenance and Operation Unit, HKU Estate Office, 
(Date: 04-03-04). 
17 Source: Estate Office, The University of Hong Kong. 
18 Ditto. 
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7.1.4 Monthly electricity consumption characteristics 
 
Monthly Electricity Consumption Pattern
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Figure 15 Monthly electricity consumption (K.K. Leung Building) 
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Figure 16 Monthly electricity consumption (Knolwes Building) 
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M onthly E lectricity C onsum ption P attern
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Figure 17 Monthly electricity consumption (Meng Wah Complex) 
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Figure 18 Monthly electricity consumption (Chow Yei Ching Building) 
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Monthly Electricity Consumption Pattern
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Figure 19 Monthly electricity consumption (Tsui Tsin Tong Building) 
 
Monthly consumption of the selected buildings behaves variably over a period of a 
year as demonstrated in Figures 15-19. A clear difference can be observed between 
summer period, from May to September, and winter period, from December to 
February. 
 
It can be seen that there are relative consumption minima in either January or 
February, whilst consumption maxima in May, June or July. For instance, in Knowles 
Building, the maximum consumption reaches to around 18 to 20 kWh/m2/month, 
almost twice the consumption in the winter months. It is due to the intense use of 
HVAC basically as explained previously. 
 
Actually, variations of the electrical energy use in different seasons are primarily due 
to variations of the energy consumed in HVAC system because its consumption load 
is weather-sensitive as aforementioned. Weather-sensitive means that consumption of 
HVAC system is strongly affected by weather conditions, especially mean 
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temperature, relative humidity and solar radiation (Lam, 1992). On the contrary, the 
other systems such as lighting, other electrical equipment, and lift and escalator are 
non weather-dependent. Their consumptions are not dependent of the weather 
conditions. This explains why the pattern of distinct seasonal variations is attributable 
to variations in the consumption of HVAC system. Owing to Hong Kong’s long 
summer and short winter climatic characteristics, comfort cooling is very popular in 
summer. The cooling season in Hong Kong usually starts from March to November 
with peak HVAC demand in hot and humid summer period from June to September. 
Therefore, peak consumption usually occurs in summer time as shown in the 
electricity use profile. 
 
The observation of distinct seasonal variations has been explained, yet the 
consumption pattern of K.K. Leung Building is a bit different from the other four 
buildings which exhibit quite consistent and regular seasonal fluctuations each year. 
There is a sudden drop in amplitude of the overall consumption in K.K. Leung 
Building in 2001. On the other hand, there is a rather stable consumption in K.K. 
Leung Building from May to August in 2002, which is different from the obvious 
fluctuations exist in summer period for all other buildings. However, further works 
are needed to find out the reasons leading to these special observations. 
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7.1.5 Seasonal component 
 
         Seasonal 
          Indices 
Buildings 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
K.K. Leung 
Building 0.77 0.77 0.90 0.97 1.07 1.13 1.14 1.15 1.13 1.13 0.98 0.85 
Knowles Building 0.73 0.71 0.87 0.95 1.13 1.21 1.20 1.16 1.14 1.13 0.94 0.83 
Meng Wah 
Complex 0.70 0.68 0.80 0.93 1.06 1.23 1.31 1.31 1.20 1.12 0.89 0.77 
Chow Yei Ching 
Building 0.78 0.76 0.88 0.98 1.06 1.14 1.20 1.18 1.12 1.11 0.93 0.85 
Tsui Tsin Tong 
Building 0.83 0.86 0.90 0.98 1.03 1.09 1.15 1.16 1.13 1.08 0.93 0.85 
Table 14 Results of seasonal indices of corresponding months 
 
The seasonal indices (Table 14) can be interpreted to provide implications of the 
effects of seasonal component on the electricity consumption. The highest monthly 
consumption can be deduced from the corresponding highest seasonal index.  
 
From the result, it shows a consistent pattern that consumption maxima19 usually 
occur in June, July or August for all studied buildings, with the consumption 
averaging, 15% to 31% above the average monthly value. These observations are 
consistent with the findings from the previous analyses of peak demand pattern and 
monthly consumption trend. 
 
As explained earlier, the most relevant building services component in explaining 
electricity consumption pattern is HVAC system, because it is the single largest 
                                                 
19 As shown in the bold figure. 
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electricity consumption system. The electrical energy consumed in HVAC system is 
very weather dependent, on the contrary, electricity consumed in the other systems in 
academic buildings are regarded as a constant load. In the hottest and most humid 
period, usually from June to August, peak electricity consumption is resulted because 
of increasing energy loading in HVAC system. 
 
In contrast, consumption minima usually occur in either January or February, 
illustrating that the electricity consumption is 14 to 16% below the average monthly 
consumption level. It is obviously due to much lower cooling requirement in the 
buildings during winter period. 
 
7.1.6 Smoothing trend – by 12-Month Moving Average 
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Figure 20 12-Month Moving Average Time Series (K.K. Leung Building) 
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Monthly Electricity Consumption Pattern
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Figure 21 12-Month Moving Average Time Series (Knowles Building) 
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Figure 22 12-Month Moving Average Time Series (Meng Wah Building) 
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Monthly Electricity Consumption Pattern
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Figure 23 12-Month Moving Average Time Series (Chow Yei Ching Building) 
 
M onth ly E lectricity C onsum ption  P attern
-
4.00
8.00
12.00
16.00
20.00
24.00
28.00
32.00
36.00
40.00
07-
97
10-
97
01-
98
04-
98
07-
98
10-
98
01-
99
04-
99
07-
99
10-
99
01-
00
04-
00
07-
00
10-
00
01-
01
04-
01
07-
01
10-
01
01-
02
04-
02
07-
02
10-
02
01-
03
04-
03
E
le
ct
ri
ci
ty
 
C
o
n
su
m
pt
io
n
 
pe
r 
G
F
A
 
(k
W
h/
m
2 )
Monthly Consumption 12-Month Moving Average Time Series
   T su i T sin  T on g
B u ild in g
 
Figure 24 12-Month Moving Average Time Series (Tsui Tsin Tong Building) 
 
Owing to the significant fluctuations within a year, it is really hard to directly 
compare the consumption from one month to another. As a result, 12-month moving 
average technique is applied to estimate trend component of the observed data so as to 
provide a clearer picture of the time series trend for direct comparisons among 5 
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buildings. 
 
From 12-month moving average time series, it reveals that Tsui Tsin Tong Building 
exhibits a continuous ever-rising trend over the period since July 2000 (Figure 24). 
For Knowles Building and Meng Wah Building, a slightly rising trend is also 
observed from October 1999 to December 2002 and from January 2000 to December 
2002 respectively (Figure 21, 22).  
 
On the contrary, K.K. Leung Building demonstrates an apparent decreasing trend 
from September 2000 to October 2001 (Figure 20). Chow Yei Ching Building also 
exhibits a slightly decreasing trend from February 1999 to October 2001 (Figure 23). 
The reasons leading to the changes in the trend pattern of these studied buildings are 
discussed as follows. 
 
K.K. Leung Building  
 
There is an apparent decline of annual electricity consumption from September 2000 
to October 2001 in K. K. Leung Building. It is attributable to the implementation of 
two energy conservation measures, which are the upgrading work of services 
efficiency and the enhancement of building services utilization . 
 
1. Upgrading work of services efficiency 
 
It is found that there is an upgrading work on chilled water plant system in the end of 
2000 in K.K. Leung Building. This building is equipped with a combination of 
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primary and secondary chilled water plant system and with variable speed devices in 
secondary chilled water pumps. Accordingly, the efficiency of HVAC system is 
enhanced and much energy is saved since 00-01. 
 
2. Enhancement of building services utilisation 
 
On the other hand, the standard lux level, adopted in The University of Hong Kong, in 
offices is 500 and that of corridors is about 150 to 200, but actually there is an 
over-design of lighting requirement in most of the university buildings. This problem 
is alerted by the Estate Office and an energy saving measure of trimming the lightings 
in common areas and office areas where over-illumination exists is implemented since 
August 2001 onwards. Amongst 5 buildings, the largest room for decommission of 
lightings exists in K.K. Leung Building because of the most serious over-design 
problem. The better utilisation of lighting system together with the upgrading work of 
chilled water plant system lead to a sudden decline in the total annual electricity 
consumption of K.K. Leung Building from 00-01 to 01-02. 
 
Chow Yei Ching Building 
 
The reduction in electricity consumption in Chow Yei Ching Building in recent years 
is primarily due to the less use of the research laboratories. The research laboratories 
occupy more than one third of the total gross floor areas in this building (Figure 7), 
the decrease in the use of these facilities can lead to a reduction of electricity 
consumption in HVAC, lighting and other electrical appliances and in turn a decrease 
in the electrical energy use accordingly.   
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Tsui Tsin Tong Building 
 
There is a continuous ever-rising trend in Tsui Tsin Tong Building since July 2000. 
Such continuous increase of consumption level needs to be noted and explained. The 
reasons behind should be identified so that an appropriate policy and measures can be 
implemented to mitigate the effect. 
 
Occupation density 
 
The main reason of the increase in consumption of Tsui Tsin Tong Building is due to 
the increase in the number of occupants in recent years. A significant increase of 
students is observed in the Space Programme whose classrooms and offices are 
situated in Tsui Tsin Tong Building. It results in a substantial rise in the occupation 
density and a more intense electricity load. Therefore, the annual consumption per 
GFA is the highest in Tsui Tsin Tong Building. 
 
Knowles Building 
 
Occupation density 
 
It is found that there is an increase in the booking of central classrooms in Knowles 
Building. The central classrooms occupy about 4% of the building’s total gross floor 
areas. Whenever there is an increase in the use of central classrooms in these 
buildings, the electrical energy consumption, certainly, grows up simultaneously. The 
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increase in the use explains why there is a climbing trend of electrical energy use in 
these two buildings. 
 
Meng Wah Building 
 
Occupation density 
 
1. Booking of central classrooms 
 
Again, there is an increase in the booking of central classrooms in Meng Wah 
Building and the area of central classrooms is about 15% of the building’s total gross 
floor areas.  
  
2. Research Students 
 
Buildings Nos. of research
20 
students in 01-02 
Nos. of research 
students in 02-03 
% increase from 
01-02 to 02-03 
Department of 
Mathematics 23 29 26.09% 
Department of Politics 
and Public Administration 19 26 36.84% 
Department of Social 
Work and Social 
Administration 
27 62 129.63% 
Department of Statistics 
and Actuarial Science 22 28 27.27% 
Social Sciences Research 
Centre 2 3 50.00% 
Table 15 Percentage increase of the numbers of research students from 01-02 to 02-03 
in Meng Wah Building21 
 
                                                 
20 Research students include the Mphil and PhD students. 
21 Source: Examinations Unit, HKU 
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Besides, the Departments located in Meng Wah Building comprise Department of 
Mathematics, Department of Politics and Public Administration, Department of Social 
Work and Social Administration, Department of Statistics and Actuarial Science, and 
Social Sciences Research Centre. There are substantial growth of the numbers of 
research students in the Mphil and PhD Programmes from 01-02 to 02-03 (Table 16). 
There is a 130% expansion from 27 to 62 students in Department of Social Work and 
Social Administration and a significant rise in Department of Mathematics, 
Department of Politics and Public Administration. Such apparent significant growth in 
the numbers of research students implies that there is a higher demand in the air 
conditioning, lighting, electrical equipment and lift and escalator and hence the 
electricity consumption increases accordingly.  
 
In short, the substantial increase in the use of central classrooms as well as the 
numbers of research students explain why there is a climbing trend of electrical 
energy use in these two buildings.  
 
 
 
 
 
 
 
7.2 Correlation with Seasonal Factors 
 
With a view to identifying the major parameter of the seasonal component and 
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investigating their effects on variations of the electricity consumption, two correlation 
tests based on the Pearson product moment coefficient of correlation are carried out. 
One is executed between monthly electrical energy consumption and monthly mean 
ambient temperature and the other is between monthly electrical energy consumption 
and monthly mean relative humidity. The implications of the results are also discussed. 
The correlation coefficients can be computed by the following equations: 
 
1. Correlation with Monthly Mean Ambient Temperature 
 
 
 
te
et
t s s
sr =
Where,  
rt = correlation coefficient between monthly electricity consumption and monthly 
mean ambient temperature 
se = sample standard deviation of monthly electricity consumption 
st = sample standard deviation of monthly mean ambient temperature 
set = sample covariance of the two observations 
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2. Correlation with Monthly Mean Relative Humidity 
 
 
 
he
eh
h s s
sr =
Where,  
rh = correlation coefficient between monthly electricity consumption and monthly 
mean relative humidity 
se = sample standard deviation of monthly electricity consumption 
sh = sample standard deviation of monthly mean relative humidity 
seh = sample covariance of the two observations 
 
7.2.1 Results of correlation test 
 
7.2.1.1 Monthly Mean Ambient Temperature 
 
Buildings 
Correlation Coefficients between Monthly 
Electricity Consumption and Monthly Mean 
Ambient Temperature22, rt 
K.K. Leung Building 0.8387 
Knowles Building 0.9202 
Meng Wah Complex 0.9179 
Chow Yei Ching Building 0.7813 
Tsui Tsin Tong Building 0.8387 
Table 16 Correlation coefficients between monthly electricity consumption and mean 
temperature over the period from July 1997 to June 2003 
 
The values of correlation coefficients for all studied buildings are quite high (Table 
16). The values of correlation coefficients for K.K. Leung Building, Knowles 
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dry-bulb temperature of the air within a space.  
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Building, Meng Wah Complex, Chow Yei Ching Building, Tsui Tsin Tong Building 
are 0.8387, 0.9202, 0.9179, 0.7813, and 0.8387 respectively. 
 
When a test for significance with 5% significance level is applied to these correlation 
coefficients, where hull hypothesis is that no correlation coefficient is zero, it is found 
that the null hypothesis for all of the buildings is rejected and all the correlation 
coefficients are significant. The same results are obtained when 1% significance level 
is applied (Table 4). The results confirm that a strong positive linear relationship 
exists between monthly electricity consumption and monthly mean ambient 
temperature for all studied buildings. It is because whenever a higher ambient 
temperature is, more energy is consumed in the chilled water plant for cooling 
purpose. 
 
7.2.1.2 Monthly Mean Relative Humidity 
 
 
Buildings 
Correlation Coefficients between Monthly 
Electricity Consumption and Monthly 
Mean Relative Humidity23, rh 
K.K. Leung Building 0.2321 
Knowles Building 0.3197 
Meng Wah Complex 0.3275 
Chow Yei Ching Building 0.2580 
Tsui Tsin Tong Building 0.2725 
Table 17 Correlation coefficients between monthly electricity consumption and mean 
relative humidity over the period from July 1997 to June 2003 
 
                                                 
23 Note: Relative humidity is the ratio between absolute humidity and saturation, expressed as a 
percentage (%). Where, absolute humidity is referred to as the actual amount of moisture in the air, 
measured in g/kg and saturation point refers to the maximum amount of moisture at a given 
temperature. 
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For the results of correlation coefficients between monthly electricity consumption 
and monthly mean relative humidity (Table 17), the values of correlation coefficients 
for K.K. Leung Building, Knowles Building, Meng Wah Complex, Chow Yei Ching 
Building, Tsui Tsin Tong Building are 0.2321, 0.3197, 0.3275, 0.2580, and 0.2725 
respectively. 
 
When a test for significance is applied to these correlation coefficients, where hull 
hypothesis is that no correlation coefficient is zero, it is found that at 5 % significance 
level, which is widely acceptable level in statistics, the null hypothesis for all of the 
buildings is rejected (Table 5). It can be concluded at 5% significance level that 
correlation coefficients are not equal to 0 and there appears to be correlation between 
monthly electricity consumption and monthly mean temperature for all studied 
buildings. 
 
On the other hand, when 1% level of significance is applied, the correlation 
coefficients are significant for 2 buildings only, Knowles Building and Meng Wah 
Complex. Although, correlation coefficients are not significant at 1% level of 
significance, 5% level of significance is widely acceptable level in statistics. 
Accordingly, it is reasonable to adopt the 5% level of significance as the bottom line 
in this Study and concluded that correlation coefficient exists between monthly 
electricity consumption and monthly mean temperature as well as between monthly 
electricity consumption and monthly mean relative humidity at 5% level of 
significance for all studied buildings. 
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7.2.2 Implications 
 
From the results of correlation tests, mean temperature exhibit significant effects on 
building electrical energy consumption for all studied buildings at 5% and 1% 
significance level, whilst relative humidity does only at 5% significance level. 
Because 5% significance level is widely acceptable level in statistics, both mean 
temperature and relative humidity can be concluded to be important parameters of 
seasonal component of building electrical energy time series in university academic 
buildings  
 
The results of correlation tests also cross validate the findings from both literatures 
and interviews with professionals in identifying and discussing external seasonal 
factors. The mean temperature and relative humidity are, irrefutably, important 
parameters of seasonal component of the electrical energy time series in not only 
Hong Kong residential and commercial buildings, but also in university academic 
buildings. The main reason for the existence of correlations is weather-sensitive load 
of HVAC system. Since it is the single largest electricity consumption end use in 
academic buildings at The University, the weather-dependent nature dominates in 
monthly electricity consumption. As a result, positive correlations exist between 
monthly electricity consumption and two examined weather parameters. 
 
Particular for the mean temperature, strong and significant positive correlation 
coefficient between mean temperature and monthly electricity consumption draws the 
attention of both designers and facilities managers of The University. Regarding the 
design of HVAC system, mean temperature and relative humidity, being the key 
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parameters of seasonal component, can be employed in calculations of peak design 
loads and partial loads for determining the appropriate capacity of chilled water plant 
system in university academic buildings at design stage. Furthermore, the key 
temperature variable should be taken into account when preparing design criteria for 
insulating performance of the building envelope. In relation to the occupancy stage, 
the facilities manager should be aware of the effects of temperature on energy 
performance of HVAC system so that energy conservation measures, like thermal 
storage, can be applied successfully in the university academic buildings,. 
 
7.3 Current Problems 
 
After analysing electricity consumption pattern of each studied building and 
investigating the effects of major influencing factors on electrical energy use, current 
problems existed in the building design, managing and operational level of the studied 
academic buildings are identified and discussed. 
 
7.3.1 Design level 
 
7.3.1.1 Over-design of systems 
 
Oversized equipment is one of the factors leading to poor energy efficiency in 
buildings. There are over-design problems in lighting and HVAC systems of the 
studied buildings in The University of Hong Kong. Among the academic buildings, 
the most serious over-design of lighting system is found in K.K. Leung Building, 
leading to the trimming of lightings in common areas and office areas where 
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over-illumination exists since August 2001. The over-design systems are apparently 
undesirable as they, ultimately, lead to low operating efficiency. 
 
The main ground leading to over-design problems in the studied buildings is that no 
design requirement and guideline on energy efficiency performance of the building 
services are prepared by The University’s Architect and given to the consultants of 
building services engineering at design stage. As far as the lack of design requirement 
is concerned, the usual practice in building services engineering is to adopt 
conservative design criteria so as to avoid any under-provisions of lighting and 
cooling which result in uncomfortable environment to the users. As a consequence, 
much more allowances are given in system designs which, leading to low energy 
efficiency. 
 
7.3.1.2 Poor energy efficient envelope design 
 
Again, there is no design requirement on the building envelope design given to the 
designers and thus, not much consideration with reference to thermal insulating 
performance of the building envelope is taken. Consequently, the envelope design is 
developed upon the basis of judgement and preference of the designers. 
 
7.3.2 Managing level 
 
7.3.2.1 Managing Role 
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The role of Estate Office is analogous to a services provider. Its main duty is to offer a 
smooth operation of building by providing a sound and proper maintenance 
programme, adequate technical support and other “hard wares”. It does lead to a 
fundamental problem on monitoring and controlling the electricity use. Departments 
have their absolute power on the use as well as management of their floor areas, 
including department offices, staff rooms, research laboratories and department 
classrooms, (i.e. those excluded from the central classrooms). They are solely 
responsible for controlling their own operating schedules. Within the normal office 
working hours, they possess overriding control on the operation of lighting system, 
air-conditioning system, facilities and other electrical equipment in their assigned 
areas. Even after the working hours, except extended air-conditioning provisions 
which are subject to the request as discussed later, electricity supplies for facilities 
and equipment including lightings, computers and other electrical appliances are also 
provided.  
 
Unfortunately, unlike a “user paid” scheme for private owners in the office buildings, 
University Departments are not responsible for paying any utilities fee. Without the 
awareness of energy saving and efficiency by occupants, it, invariably, leads to a 
phenomenon similar to “tragedy of the commons” and results in an unwise use of 
electrical energy. 
 
7.3.2.2 System control 
 
Although there is an air-conditioning zone control for all buildings in The University 
of Hong Kong, the floor areas covered by the zone usually involve several storeys. 
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The building areas cannot be divided into small and separate zone with individual 
control of air-conditioning supply. In turn, a considerable amount of electrical energy 
is wasted whenever there is a request of the extended air conditioning supply because 
air conditioning is also supplied to the non-requested areas under the lack of smaller 
individual zone control. 
 
Occupancy sensors, for automatically switching off the lighting and air conditioning, 
are installed to the department offices and staff rooms from 1998 onwards. 
Nevertheless, it is quite interesting to note that, in some reported cases, the staff 
simply put a little movable fan or fish tank in office so as to prevent the 
air-conditioning provision from automatically switching off. It is a matter of 
occupant’s behaviour, co-operation and awareness which is totally out of the control 
by the Estate Office. 
 
7.3.2.3 Patrol system 
 
The security staff patrols the building at least once at night. Unfortunately, due to the 
limited power, security staff cannot turn off any non-using equipment at once. If these 
situations are encountered, security staff can only report the cases to the Estate Office 
and a notice will be given to the subject Department later. Both effectiveness and 
efficiency of this policy in improving the situations are highly questionable. 
 
7.3.3 Operational level 
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7.3.3.1 Air conditioning provision in central classroom 
 
The Estate Office has not been entitled to reject the requests or, even raise questions 
regarding the requests, made by the University Departments upon air conditioning 
provision in central classroom, thereby it is hard for the Estate Office to control the 
operating hours of central classroom in achieving energy efficiency performance and 
cost-effectiveness. 
 
7.3.3.2 24-hour and extended air conditioning provisions 
 
There is a fixed time schedule of air conditioning provision to department offices, 
staff rooms, research laboratories and department classrooms. Yet the staff, 
undergraduate students and research students do easily apply for 24-hour and 
extended air conditioning provisions once they have obtained permissions from their 
own Departments. The Estate Office has not been entitled to put any objections to 
such requests and can only extend air conditioning supply in accordance with the 
users’ requests. 
 
7.3.4 Conclusion 
 
The current problems existed in the building design, managing and operational level 
have been identified and discussed. With reference to the design, a serious 
over-design problem in lighting systems is found in K.K. Leung Building and little 
emphasis is placed on the building envelope design, resulting in poor thermal 
insulating performance.  
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Apart from the over-design in services systems and poor building envelope design, 
there are some problems in managing and operational level of the academic buildings. 
Both authorities and powers the Estate Office possesses over the University 
Departments are very limited. It is found that the main duty of the Estate Office is to 
provide a smooth operation of building, a proper maintenance programme, and 
adequate technical support, but it has little power on monitoring and controlling 
electricity use consumed in the areas assigned to the Departments. Moreover, the 
Estate Office has no power to reject the requests made by the Departments upon air 
conditioning provision in central classroom and extension of air conditioning supply 
in areas assigned to the Departments. The Estate Office can only be able to implement 
more stringent and tight energy conservation policies when more powers and 
authorities on the management and control of operation are available. 
 
7.4 Conclusion 
 
The patterns of electricity consumption have been examined by means of various 
statistical analyses. The findings show that there are both similarities and differences 
in electrical energy use among the studied buildings. 
 
First, regarding the similarities, peak consumption demands always occur in the 
summer period from 1998 to 2002 because of the intense load in the largest electricity 
end use of HVAC system. However, there is a shift of peak demand from summer 
period to the end of spring, May, in 2003 for all studied buildings. It is due to an 
energy conservation measure implemented by the “Environmental Management 
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Team”. Its purpose is to achieve an energy saving in HVAC system by tightening up 
the implementation of core time schedule of air conditioning supply during summer 
holidays in 2003. In turn, there is a subsequent shift of peak consumption demand to 
May in 2003. Further, similar distinct seasonal variations over the length of a year in 
all studied buildings are observed from the results of analyses of monthly 
consumption time series and seasonal index. There are always consumption maxima 
in summer period (from May to September) while consumption minima in winter 
period (from December to February). These distinct seasonal variations are 
attributable to the weather-sensitive load of HVAC system.  
 
Second, with reference to dissimilarities, it is found that the annual electricity 
consumption is the highest, around 368 kWh/m2/annum, in Tsui Tsin Tong Building 
while the lowest, around 188 kWh/m2/annum, in Knowles Building when compared 
with the other buildings. The findings point out that the differences in annual 
consumption level are mainly attributable to the differences in usage pattern of 
building, users’ activities and behaviours, as well as occupation density. Last but not 
least, the findings from analysis of 12-month moving average time series show that 
there is a continuous ever-rising trend since July 2000 in Tsui Tsin Tong Building 
owing to the increasing occupation density in recent years. Additionally, the slight 
increase of consumption trend in both Knowles Building and Meng Wah Building is 
attributable to the increasing use of central classrooms. On the contrary, there is a 
declining trend in K.K. Leung Building from September 2000 to October 2001 
because of an upgrading work on the chilled water plant system in the end of 2000. 
Lastly, the decline of the consumption in Chow Yei Ching Building is primarily due to 
the less use of the research laboratories recently. 
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Apart from the analysis of electrical energy use pattern, correlation tests are 
performed to ascertain the effects of weather parameters on variations of the 
electricity consumption. The results reveal that correlation coefficient between 
monthly consumption and mean air temperature, and that between monthly 
consumption and mean relative humidity are significant at 5% level of significance. 
These findings imply that both air temperature and relative humidity variables are 
crucial parameters of seasonal component of electricity consumption time series in 
not only Hong Kong residential and commercial buildings, but also in university 
academic buildings. Another implication is that when preparing the design criteria of 
HVAC system in the university academic buildings, both air temperature and relative 
humidity need to be taken into consideration. 
 
Finally, current problems at the design, managing and operational level of the 
academic buildings have been investigated. The results show that over-design 
problems in lighting and HVAC systems are found to exist in the academic buildings 
at The University. In addition, no proper assessment and evaluation on the thermal 
insulating performance of building envelope is carried out at design stage. The 
problems of over-design and poor building envelope design, certainly, lead to poor 
energy efficiency performance of the buildings. With respect to the managing and 
operational level, it is found that the Estate Office possesses very limited authorities 
and powers in the floor areas assigned to the University Departments. As a 
consequence, the Estate Office cannot be able to implement more stringent policies 
for monitoring and controlling the electrical energy use effectively and efficiently, as 
well as carrying out some effective energy saving measures. 
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Chapter Eight 
 
Time Series Modelling and Forecasting 
 
8.0 Introduction 
 
This chapter discusses the results of regression analysis of the derived deterministic 
time series models. Their explaining powers and their accuracy levels of ex-post 
prediction are also evaluated. 
 
Second, the ex-ante forecasts of electricity consumption time series over 12-month 
period for each building are performed and the results of these short term ex-ante 
forecasts are also discussed. 
 
8.1 Time Series Modelling 
 
8.1.1 Discussion on the results of time series modelling 
 
8.1.1.1 t-statistics and coefficient 
 
1. Time variable 
 
The t-statistics of all the coefficients of time variable are significant at 5% for all 
buildings, except the one in Knowles Building and Meng Wah Complex (Table 6, 7a, 
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8a, 9, 10). 
 
The transformation process to the data is performed for these two buildings under this 
circumstance. First, the squared term of time (T2) is added to the models for these two 
buildings. However, the results are not satisfactory; with both variables of time (T) 
and squared term of time (T2) are not significant at 5% significance level (Table 7b, 
8b). Second, the reciprocal term of time (1/T) is included in the equations. Again, the 
insignificant results of time variables of T and 1/T are shown (Table 7c, 8c).  
 
These insignificant results are due to the limited data sample and limited sample 
period of electricity consumption observations in these models. Because the size of 
data sample and sample period are essential for capturing the trend component of the 
observed time series, insufficient data sample and sample period in this Study 
certainly lead to the insignificant results of the time variables. It may also be argued 
that the time is not always a good parameter to capture trend component of the 
electricity consumption in academic buildings, so further works are necessary to 
verify the reliability of this statement. 
 
Under this circumstance, the linear-form models with a much lower p-value of time 
variable (T) than the two models with transformations are justified to be more 
appropriate forecasting models for 12-month ex-ante forecast in Knowles Building 
and Meng Wah Complex when their coefficients of determination (R2) are similar to 
each other. Consequently, the original linear-form models are used in forecasting for 
Knowles Building and Meng Wah Complex. 
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In relation of the coefficients of time variables under the linear-form model, positive 
signs are existed in Knowles Building, Meng Wah Complex and Tsui Tsin Tong 
Building whilst negative signs are exhibited in K.K. Leung Building and Chow Yei 
Ching Building (Table 6, 7a, 8a, 9, 10). These findings point out that there are 
growing trends in Knowles Building, Meng Wah Complex and Tsui Tsin Tong 
Building but decreasing trends in K.K. Leung Building and Chow Yei Ching Building 
along the time period. Moreover, the magnitudes of the coefficients of time variable 
(T) are the highest for Tsui Tsin Tong Building, showing that the influence of the time 
on consumption level is the highest and hence the degree of future consumption 
growth is the greatest in Tsui Tsin Tong Building. All these results are perfectly 
consistent with the analyses of the annual electricity consumption pattern and 
12-month moving average time series which have been examined and discussed in 
Chapter Seven. 
 
2. Seasonal dummy variables 
 
The results show that all coefficients of three seasonal dummy variables are positive 
and significant at 1% (Table 6, 7a, 8a, 9, 10), indicating that there are positive 
relationships of monthly electricity consumption with Spring (S1), Summer (S2), and 
Autumn (S3) respectively in all studied buildings. The results of the t-tests for all 
buildings are consistent with the expectation as discussed in Chapter Four. 
 
With reference to the coefficient, the signs of coefficients of three dummy variables, 
i.e. Spring, Summer and Autumn, for all buildings are positive. These results are 
consistent with the expectation that a higher consumption occurs in Spring, Summer 
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and Autumn when compared with that in Winter. Further, the size of magnitude of the 
coefficient reveals that the consumption maxima occurs in Summer, second in 
Autumn, and third in Spring and these results are consistent with the findings from the 
analyses of monthly consumption pattern and seasonal index in Chapter Seven. As 
discussed before, the main reason leading to variations of the electricity consumption 
within a year is variations of the energy consumed in HVAC system. There is a 
smaller demand for the use of HVAC and less energy consumption in HVAC system 
under cooler condition, so the overall electricity consumption minima present in the 
winter period while the consumption maxima occur in summer period. 
 
8.1.1.2 Coefficient of determination (R2) 
 
The models appear to fit well to the data for all of the individual buildings, with a 
range of high value of coefficients of determination, from R2 = 0.72 in Tsui Tsin Tong 
Building to R2 = 0.80 in Meng Wah Complex (Table 6, 7a, 8a, 9, 10). The highest R2 
value in Meng Wah Complex indicates that 80% of the sample variability in 
electricity consumption explained by variations in the time variable, and three 
seasonal dummy variables under the derived model. 
 
Actually, the values of R2 are more or less the same for K.K. Leung Building, 
Knowles Building, and Chow Yei Ching Building with a range of R2 from 0.72 to 
0.75. These show that the proportion of total sample variability in electricity 
consumption explained by the linear relationship of the constructed model is about 
70%, with the remaining 30% unexplained by the independent variables. 
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These results confirm that there is a strong linear relationship of monthly electricity 
consumption with time, and seasonal dummy variables. These also imply that 
favourable accuracy levels of forecast can be produced by these models. 
Notwithstanding this, there are many factors outside the scope of the models as 
highlighted previously in Chapter Five and they are attributed to be the noises in the 
data. 
 
In relation to the validation tests which will be executed later, MAPE and RMSE are 
expected to be the lowest in Meng Wah Building because the derived model just 
exhibits the highest value of R2 of 0.80. While they are expected to be the highest in 
Tsui Tsin Tong Building because the model exhibits the lowest R2 of 0.72 in the 
regression analysis.  
 
8.1.2 Results of validation test on time series models 
 
Buildings Mean Absolute Percentage Error 
K.K. Leung Building 5.90% 
Knowles Building 7.26% 
Meng Wah Complex 7.74% 
Chow Yei Ching Building 6.66% 
Tsui Tsin Tong Building 8.60% 
Table 18 Results of Mean Absolute Percentage Error 
 
Buildings Root Mean Square Error (kWh/m2 ) 
K.K. Leung Building 1.35 
Knowles Building 1.64 
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Meng Wah Complex 2.40 
Chow Yei Ching Building 1.61 
Tsui Tsin Tong Building 3.00 
Table 19 Results of Root Mean Square Error 
To evaluate the accuracy of the ex-post prediction power of the derived seasonal 
regression models, Mean Absolute Percentage Error (MAPE) and Root Mean Square 
Error (RMSE) are utilised in judging this. From the results of MAPE (Table 18) the 
ex-post predictions over 12 months, from July 2002 to June 2003, give MAPE as 
5.90%, 7.26%, 7.74%, 6.66% and 8.60% for K.K. Leung Building, Knowles Building, 
Meng Wah Complex, Chow Yei Ching Building and Tsui Tsin Tong Building 
respectively. These results indicate that the constructed models produce quite accurate 
ex-post predictions. 
 
The results of RMSE (Table 19) for five individual models are 1.35, 1.64, 2.40, 1.61 
and 3.00 kWh/m2/month in K.K. Leung Building, Knowles Building, Meng Wah 
Complex, Chow Yei Ching Building and Tsui Tsin Tong Building respectively. The 
model for gives the smallest RMSE of 1.35 kWh/m2/month whilst that for Tsui Tsin 
Tong Building provide the highest RMSE of 3.00 kWh/m2/month. The overall results 
also confirm that 5 derived models produce quite accurate predictions over the ex-post 
prediction period.  
 
8.1.3 Discussion on the results  
 
The overall MAPE and RMSE for the five regression models are considered to be 
able provide reasonable levels of accuracy, with both MAPE and RMSE for all 
buildings are smaller than 10% and 5 kWh/m2/month respectively. The results are 
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consistent with the implication of high R2 of the previous regression analyses that 
favourable accuracy levels of forecast can be produced by these models. 
 
The model for K.K. Leung Building provides most accurate result of ex-post forecast, 
with the lowest value in both MAPE and RMSE of 5.90% and 1.35 kWh/m2/month 
respectively. And it is found that both MAPE and RMSE are the highest in Tsui Tsin 
Tong Building. The result for Tsui Tsin Tong Building with the highest MAPE and 
RMSE is within the expectation because the model exhibits the lowest R2 of 0.72 in 
the regression analysis. However, the result for K.K. Leung Building with the most 
accurate ex-post forecast is not expected in advance, because it just exhibits the 
second highest value of R2 of 0.75. The original expectation for presence of the lowest 
MAPE and RMSE is in Meng Wah Building which shows the highest R2 of 0.80. 
 
In short, the overall results of MAPE and RMSE for 5 regression models are 
considered as acceptable in most real applications, depending on the phase of 
application of the model. The results obtained in this multiple regression models are 
then used to construct the time series forecasting models in the following section. 
 
8.2 Time Series Forecasting  
 
8.2.1 Time series forecasting models 
 
After the validation test, the results of regression analyses are then used to construct a 
deterministic time series forecasting model for 12-month ex-ante forecast of monthly 
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electricity consumption in each individual building. The specifications of the derived 
forecasting models are shown as follows. 
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K.K. Leung Building: 
 
ln Y = 2.7831 + (- 0.003400) T + 0.2007 S1 + 0.3442 S2 +0.2652 S3 
 
Knowles Building: 
 
ln Y = 2.3914+ 0.001449 T + 0.2565 S1 + 0.4355 S2 + 0.2976 S3  
 
Meng Wah Complex: 
 
ln Y = 2.4708+ 0.0005210 T + 0.2562 S1 + 0.5543 S2 + 0.3276 S3  
 
Chow Yei Ching Building: 
 
ln Y = 2.8370 + (- 0.001441) T + 0.2018 S1 + 0.3658 S2 + 0.2349 S3  
 
Tsui Tsin Tong Building: 
 
ln Y = 3.0524+ 0.003682 T + 0.1417 S1 + 0.2992 S2 + 0.1622 S3  
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8.2.2 Results of ex-ante forecasts  
 
The constructed deterministic time series models are applied to forecast the short-term 
electricity consumption over 12-month ex-ante forecast period (Figures 25-29). The 
findings from the forecasting results indicate that there is an apparent decreasing trend 
in K.K. Leung Building and a slight decline in consumption trend exists in Meng Wah 
Complex. On the contrary, a rising trend of consumption is found in Knowles 
Building, Chow Yei Ching Building and Tsui Tsin Tong Building. 
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Figure 25 12-month ex-ante forecast (K.K. Leung Building) 
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Figure 26 12-month ex-ante forecast (Knowles Building) 
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Figure 27 12-month ex-ante forecast (Meng Wah Complex) 
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Figure 28 12-month ex-ante forecast (Chow Yei Ching Building) 
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Figure 29 12-month ex-ante forecast (Tsui Tsin Tong Building) 
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8.2.3 Discussion on the results 
 
The short term forecasts of electrical energy consumption over 12-month ex-ante 
forecasting period are performed and the results reveal that both Chow Yei Ching 
Building and K.K. Leung Building show a decline in consumption for 12-month 
ahead forecasts whilst a escalation of consumption exists in Knowles Building, Meng 
Wah Complex and Tsui Tsin Tong Building. These findings confirm that the future 
electricity consumption trends of the studied buildings are consistent with the findings 
from the previous analyses of annual consumption trends and 12-month moving 
average time series. 
 
Besides, it is found that future increasing consumption trends in Tsui Tsin Tong 
Building and Meng Wah Building as well as a decline of future consumption in Chow 
Yei Ching Building are expected by the interviewee from the Estate Office. There is 
an anticipation that occupation density will still keep rising in Tsui Tsin Tong 
Building next two to three years due to the increasing numbers of admissions of 
students in Space Programme. With regard to Meng Wah Building, the interviewee 
also anticipates that there will be a continuous rise in electricity consumption next few 
years as the numbers of research students and the use of central classrooms will still 
be in expansion. Similarly, the drop in future electricity consumption in Chow Yei 
Ching Building is also expected as the extended and 24-hour air-conditioning supply, 
loads of electrical equipment will be reduced due to the less use of the research 
laboratories. 
 
With reference to the reliabilities of the forecasting results, these 5 time series 
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forecasting models are constructed based on the results from regression models which 
have been validated to be able to provide reasonable levels of accuracy in ex-post 
prediction, so the ex-ante forecasting results are expected to be reliable but they are 
subject to testing when more observed data are available later. 
 
For the applications of these models, forecasting exercise of electricity consumption 
under the constructed models should be applied not only in the prediction of future 
consumption value but also as an effective tool for Estate Office to identify the areas 
in which the electricity cost might be reduced in university academic buildings. 
 
8.3 Conclusion 
 
In short, the results from regression analysis show that there is a high value of 
coefficient of determination (R2), indicating that a strong linear relationship of 
monthly electricity consumption with time and three dummy variables. Nonetheless, 
the time variable (T) exhibits an insignificant result at 5% significance level in 
Knowles Building and Meng Wah Complex. These insignificant results are primarily 
due to the insufficient size of data sample and sample period. 
 
Also, concerning the validation test based on two indicators, Mean Absolute 
Percentage Error (MAPE) ranges from 5.90% in K.K. Leung Building to 8.60% in 
Tsui Tsin Tong Building and Root Mean Square Error (RMSE) varies from 1.35 
kWh/m2/month in K.K. Leung Building to 3.00 kWh/m2/month in Tsui Tsin Tong 
Building. The overall MAPE and RMSE results indicate that the derived models 
provide reasonable accuracy levels of forecasting. The result of the least accurate 
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ex-post forecast in the model for Tsui Tsin Tong Building is expected from the results 
of regression analysis since it has the lowest R2 of 0.72. However, it is not expected in 
advance that the model for K.K. Leung Building provides the most accurate ex-post 
forecast because it just exhibits the second highest value of R2 of 0.75. 
 
The forecasting results from the 12-month ex-ante forecasts show that the future 
consumption estimates of the studied buildings are consistent with the expectation of 
interviewee from the Estate Office, and the previous analyses of annual consumption 
trends and 12-month moving average time series. The constructed time series 
forecasting models aim to provide an effective tool for the facilities manager of The 
University to forecast the future consumption as well as achieve the energy efficiency 
and cost efficiency. 
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Chapter Nine 
 
Conclusion 
 
9.1 Research Results 
 
Four objectives of this Study, have been achieved. They are listed out as follows and 
the conclusion of each objective is also discussed in details. 
 
1. To identify the important factors affecting the pattern of electricity consumption;  
2. To analyse how those factors affect the pattern of electricity consumption in the 
studied buildings; 
3. To examine the potential problems at the design, managing and operational level 
leading to energy inefficiency in the studied buildings; and 
4. To develop deterministic time series models for forecasting electricity 
consumption. 
 
Objective 1: To identify the important factors affecting the pattern of electricity 
consumption 
 
For Objective 1, it is achieved in Chapter Five and Chapter Seven. The findings and 
results from a wide variety of literatures and the interviews with professionals and 
practitioners in identifying and discussing important factors affecting the building 
electricity consumption pattern are consistent. The electricity consumption 
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influencing factors can be, basically, classified as two categories, namely internal 
factors and external factors. The internal factors include usage pattern of building, 
users’ activities and behaviours, building envelope design, as well as building services 
design and efficiency. While the external factors comprise weather parameters of air 
temperature, relative humidity and solar radiation. 
 
The relative degree of effect of various electricity consumption influencing factors on 
variations in the electricity consumption cannot be identified. The main reason is the 
limited empirical study about the effects of building usage pattern and users’ activities 
and behaviours on electricity consumption since it is difficult to predict and quantify 
the human factors. In turn, it is hard to assess which one of the discussed internal 
factors and external factors is the most influencing factor. Further works need to be 
carried out in relation to their relative degrees of the effects on electrical energy use 
pattern. 
 
In the correlation tests of weather parameters performed in Chapter Seven, the results 
show that correlation coefficient between monthly consumption and mean air 
temperature, and that between monthly consumption and mean relative humidity are 
significant at 5% significance level. These findings indicate that there are positive 
linear relationships of monthly electricity consumption with these two weather 
parameters respectively. The positive correlations also imply that both temperature 
and relative humidity variables are crucial factors for preparing the design criteria of 
HVAC system. In consideration of building envelope’s design, its insulating 
performance is highly dependent of air temperature and in that way air temperature 
needs to be taken into consideration in designing the building envelope. It can 
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conclude that mean temperature and relative humidity are, irrefutably, the key 
parameters of seasonal component of electricity consumption time series in not only 
Hong Kong residential and commercial buildings, but also in university academic 
buildings. 
 
Objective 2: To analyse how those factors affect the pattern of electricity 
consumption in the studied buildings 
 
Objective 2 is carried out in Chapter Seven. Different statistical analyses are utilised 
to examine the patterns of electricity consumption. The internal and external factors 
investigated in Chapter Five are then applied to explain the similarities and 
differences in consumption patterns between individual buildings.  
 
In consideration of similarities, peak electrical energy demands in the selected 
buildings always occur in summer period from 1998 to 2002 because of the intense 
load in the largest electricity end use of HVAC system. Notwithstanding this, a shift 
of peak demand to May is observed for all studied buildings in 2003. The reason for 
this particular observation is that the Estate Office tightens up the implementation of 
core time schedule of air conditioning provision during summer holidays in 2003 and 
thus it results in a great energy saving in the largest electricity consumption 
component in that period. Subsequently, the shift of peak to Term Period of May is 
resulted. Furthermore, after analysing monthly consumption time series of the 
selected buildings, the distinct seasonal variations are observed over the length of a 
year. Observations of consumption maxima in summer period (from May to 
September) and consumption minima in winter period (from December to February) 
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are consistent with the findings from analysis of seasonal index, which shows that the 
highest monthly consumption occurs in June, July or August, and lowest monthly 
consumption in January or February for all buildings. The distinct seasonal variations 
occurred in the electricity consumption of all the studied buildings is explained by 
variations of the energy consumed in HVAC system which is strongly 
weather-dependent.  
 
With regard to the differences, the findings show that the differences in annual 
consumption level are primarily attributable to the usage pattern of building, users’ 
activities and behaviours, as well as occupation density. It is found that the electricity 
consumption per annum is the highest in Tsui Tsin Tong Building, around 368 
kWh/m2/annum, when compared with the other 4 buildings. It is resulted from the 
presence of University Museum and Art Gallery, high occupation density and heavy 
demand for the 24-hour air-conditioning supply in this building. While the lowest 
consumption level, around 188 kWh/m2/annum, presents in Knowles Building 
because the energy consumed for cooling purpose is not totally reflected din the 
observed data.  
 
Finally, the analysis of 12-month moving average time series reveals that there is a 
continuous ever-rising trend since July 2000 in Tsui Tsin Tong Building because of 
the increasing number of users in this building for the last few years. This 
phenomenon of increasing consumption needs to be noted and proper actions are 
necessary to mitigate the current situations. On the contrary, K.K. Leung Building 
demonstrates a decreasing trend from September 2000 to October 2001 since an 
upgrading work on the chilled water plant system is carried out in the end of 2000. By 
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this means, the efficiency of HVAC services system are, to a great extend, enhanced 
and much energy can be saved when it is equipped with a combination of primary and 
secondary chilled water plant system and the variable speed devices in the secondary 
chilled water pump. 
 
Objective 3: To examine the potential problems at the design, managing and 
operational level leading to energy inefficiency in the studied buildings 
 
With respect to Objective 3 demonstrated in Chapter Seven, the over-design problems 
in lighting and HVAC systems dominate in the design level of studied academic 
buildings at The University of Hong Kong. A serious over-design problem in lighting 
systems exists in K.K. Leung Building and proper actions of trimming the lightings in 
the areas where over-illumination exists have been taken subsequently by the Estate 
Office. It is also found that thermal insulating performance of the building envelope 
has not been assessed and evaluated at design stage because of the ignorance of The 
University’s Architect. Consequently, it leads to a problem of poor energy efficient 
envelope design.  
 
As regards the managing and operational level of the academic buildings, both 
authorities and powers the Estate Office possesses over the departments are very 
limited, this problem continues to exist if no fundamental change of the organisational 
structure is made since a question of the role of Estate Office is involved. Estate 
Office can only be able to implement more stringent and tight energy conservation 
policies when more powers are available. 
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Objective 4: To develop deterministic time series models for forecasting electricity 
consumption 
 
Regarding Objective 4, it is demonstrated in Chapter Eight. Under the Ordinary Least 
Square (OLS) Technique of regression analysis, the constructed deterministic time 
series models show satisfactory results under the t-tests and coefficients of 
determination (R2). The results indicate that there is a strong linear relationship of  
the dependent variable of monthly electricity consumption with independent variables 
of Time (T), and three Seasonal Dummy Variables (S1, S2, S3). Nonetheless, the time 
variable (T) exhibits an insignificant result at 5% significance level in Knowles 
Building and Meng Wah Complex under the linear-form model, and the models with 
squared term and reciprocal term. The insignificant results of time variable in these 
two buildings are attributable to the insufficient size of data sample and sample period. 
The size of data sample and sample period are especially vital for capturing the trend 
component because they are the long term parameters in a time series representing the 
general long-run growth or decline in a time series over an extended period of time. 
As a result, sufficient size of data sample and sample period are crucial for building 
the time series forecasting model. It may also be argued that the time is not always a 
good parameter to capture trend component of the electricity consumption, so further 
works are necessary to verify it. 
 
Regarding the validation tests of the derived models, they provide favourable 
accuracy levels in ex-post forecasts. The overall MAPE and RMSE for five regression 
models are considered to be within the reasonable levels of accuracy. Mean Absolute 
Percentage Error (MAPE) ranges from 5.90% in K.K. Leung Building to 8.60% in 
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Tsui Tsin Tong Building. While Root Mean Square Error (RMSE) varies from 1.35 
kWh/m2/month in K.K. Leung Building to 3.00 kWh/m2/month in Tsui Tsin Tong 
Building. The results of the least accurate ex-post forecast in the model for Tsui Tsin 
Tong Building are within the expectation from R2 of regression analysis; while the the 
most accurate ex-post forecast existing in the model for K.K. Leung Building are not 
expected from regression analysis. Lastly, there are many factors outside the scope of 
the models as highlighted in Chapter Two but actually they are attributed to be the 
noises in the data sample. 
 
In respect of 12-month ex-ante forecasts, both Chow Yei Ching Building and K.K. 
Leung Building show a decline in consumption over 12-month ahead period whilst a 
escalation of consumption exists in Knowles Building, Meng Wah Complex and Tsui 
Tsin Tong Building. The forecasting results reveal that the future electricity 
consumption trends of the studied buildings are consistent with the expectation of 
interviewee from the Estate Office, as well as the previous findings on the analyses of 
annual consumption trends and 12-month moving average time series. 
 
With respect to the applications, the constructed models provide an effective tool for 
the facilities manager of The University to forecast the future consumption as well as 
identify the areas in which the energy efficiency can be enhanced. 
 
9.2 Recommendations 
 
In this study, some of the possible solutions in energy efficiency performance and thus 
cost effectiveness are proposed to the academic buildings of The University of Hong 
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Kong. They are discussed as follows. 
 
1. Energy Manager: In order to solve the problems of lacking powers and 
authorities on the control of use and management of the floor areas which have 
been assigned to the Departments, a post of Energy Manager should be set up. 
The main duties of Energy Manager involve the operational control, 
management and maintenance of the building energy services as well as the 
implementation of energy saving measures. A proper operation of the equipment 
and uphold a sound management policy, and comprehensive maintenance 
programme should be put into practice. 
 
2. Extended air-conditioning panels: The extended air-conditioning panels which 
are designed to supply one-hour of extended air-conditioning upon each 
activated request during non-working hours should be applied to the buildings 
widely, in particular to the 24-hour operating room and buildings, like research 
student rooms, laboratory buildings and research centres, etc. 
 
3. Design criteria: The realistic design criteria of both building services and 
building envelope should be identified as an effective method to avoid the 
over-design problems in building services and to ensure the energy efficiency 
performance of envelope. On the other hand, energy performance of building 
envelope can also be enhanced by incorporating the concept of Overall Thermal 
Transfer Value (OTTV) to the university academic buildings. 
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4. Stringent policy: A more stringent policy such as tighten up the control on 
switch-on and switch-off times for lighting, HVAC and other electrical 
equipment systems after working hours should be introduced. 
 
5. Individual meters: the individual meters, which can effectively monitor 
electricity consumption of the academic buildings, should be applied whenever 
the incorporation of meters is economically feasible. 
 
6. Education: The public’s awareness of energy conservation and energy efficiency 
should be aroused in The University through carrying out energy saving 
campaigns and also issuing the energy saving labels sticking next to lighting and 
air-conditioning switches. 
 
7. Incentive scheme: An incentive scheme should be implemented with an objective 
of encouraging the participation of departments in voluntarily switching off 
idling equipment. The departments can share the financial benefit resulted from 
energy saving for the funding purpose. On the contrary, the funding will be 
deducted whenever there is a poor performance that the actual consumption is 
under the pre-determined target. 
 
8. Load shifting: The peak electrical demand is one of the necessary factors in 
determining the electrical cost. The lower the peak demand, usually the lower the 
cost is. Thermal storage techniques should be used to reduce the peak 
requirement in daytime. In this method, the stored cooling capacity is used to 
 178 
Chapter Nine - Conclusion 
complement the cooling produced during daytime operation. For that reason, the 
peak cooling demands can be reduced during daytime working hours. 
 
Actually, the applications of those measures do not only limit to the academic 
buildings, in contrast, they should be applied widely to most of the buildings in The 
University. 
 
9.3 Limitations 
 
In this Study, there are several limitations which may constrain the findings. 
 
First, the types of buildings are limited in this Study. Unlike many other types of 
buildings, university buildings are unique because of the variety of building uses, 
facilities, functions, and operational schedules. Much more research works are needed 
if all types of university buildings are studied. Therefore only the academic buildings 
are investigated in this Study, whilst the other types of buildings like laboratory 
buildings, hall of residences, staff residences, and sport centers have not been covered 
in this Study. 
 
Second, some electricity consumption influencing factors cannot be examined for the 
analysis of electricity consumption pattern because of the technical difficulties and 
unavailability of data and information. It is very hard to obtain the numbers of users in 
academic buildings as the student population size in classrooms is highly fluctuating 
each month and it is, therefore, impossible to estimate the exact number of students. 
Owing to this technical problem, no record of this data is obtained from The 
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University of Hong Kong. Apart from lacking data of population size, there is no 
“hard” data of building envelope design, such as OTTV value and window areas, for 
analysing the consumption pattern. Furthermore, a very time consuming and costly 
questionnaire surveys and interviews need to be carried out for obtaining and 
anlaysing the pattern of users’ activities and behaviours because the number of groups 
of users involved in one building, such as departments, faculties, administrative office, 
and classrooms, are enormous. For that particular reason, information of users’ 
activities is very limited to what have been observed during the site visits. Last but not 
least, there are not enough data, obtained from Hong Kong Observatory, for analysing 
the correlation between the solar radiation and electricity consumption, therefore the 
analysis and discussion of weather parameters are not comprehensive enough. 
 
Third, the sample period is relatively short for constructing the deterministic time 
series foresting models, with only five years, which cannot take account of the 
cyclical component. Furthermore, the number of observation is also limited as only 60 
monthly electricity consumption observations are available from Estate Office. It is, 
therefore, difficult to provide a good fit result to the derived models and execute a 
long term forecasting when both sample period and data are limited.  
 
Fourth, the forecasting models, although have been validated, are only applicable to 
the individual university academic buildings. A more general model with acceptable 
level of accuracy, suitable for any academic buildings, has not been constructed in this 
Study.  
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9.4 Further Research Areas 
 
9.4.1 Electricity consumption influencing factors 
 
Aforementioned, there are few empirical studies on the effects of occupants’ 
behaviours and activities on the electricity consumption, so it is advised to have 
further works on quantitative study on this issue in university buildings. Although the 
human behaviours are hardly predicted and quantified, a study about their effects on 
the electricity consumption is required for a more comprehensive analysis of 
consumption pattern as well as a more accurate time series forecasting. The 
appropriate means to gather the information of occupants’ activities is to conduct the 
questionnaire surveys with the users in the university buildings. 
 
The Overall Thermal Transfer Value (OTTV) concept, which has been studied on the 
building electricity use by Lam (1995) and Chow & Yu (2000), can be extended to the 
institutional buildings. The impact of OTTV and its relationship with chilled water 
plant of HVAC system in the university buildings are advised to further investigated. 
 
9.4.2 Time series forecasting models 
 
The individual forecasting models for academic buildings should be further examined 
and modified in order to provide a general model for all types of university buildings 
in Hong Kong, such as laboratory buildings, hall of residence, and sport centre, with 
acceptable levels of accuracy. Apart from the scope of application, following the 
research carried out by Kirkham et al (2002), who derive a stochastic model for the 
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facilities management costs of the National Health Service (NHS) acute care hospital 
in United Kingdom, a more sophisticated method of stochastic time series model can 
also be applied to provide more accurate forecasting results of the electricity 
consumption in university buildings. 
 
 182 
References 
 
References 
 
Ashworth, A. (1993) How life cycle costing can improve existing costing, in: Bull, J. 
W. (ed.) Life cycle costing for construction. 1st ed. London: Blackie Academic & 
Professional. pp. 119 - 134. 
Ashworth, A. (1994) Cost studies of buildings. 2nd ed. Harlow, Essex: Longman 
Scientific & Technical. 
Ashworth, A. (1996) Estimating the life expectancies of building components in 
life-cycle costing calculations, Structural Survey, 14(2), pp. 4 - 8. 
Anderson, D. R., Sweeney, D. J. & Williams, T. A. (1999) Statistics for business and 
economics. 7th ed. Cincinnati, Ohio: South Western College Pub. 
Ben-Nakhi A. E. & Mahmoud, M. A. (2004) Cooling load prediction for buildings 
using general regression neural networks, Energy Conversion and Management, 
45(13-14), pp. 2127 - 2141. 
Boussabaine, A. H. & Grew, R. J. (1999) Modelling total energy costs of sport centres, 
Facilities, 17(12), pp. 452 - 461. 
Bowerman, B. L. & O’Connell, R. T. (1993) Forecasting and time series: an applied 
approach. 3rd ed. Belmont, Calif.: Duxbury Press. 
Bromilow, F. J. & Pawsey F. R. (1987) Life cycle cost of university buildings, 
Construction Management and Economics, 5, S3 - S22. 
Carbon Dioxide Emissions from the Generation of Electric Power in the United States, 
July 2000, Department of Energy. 
Census and Statistics Department (2003) Hong Kong Energy Statistics Report, Hong 
 183 
References 
Kong Special Administrative Region (People's Republic of China): Census and 
Statistics Department. 
Chaaban, F. B. & Rahman, S. (1998) Baseline energy and electricity consumptions in 
Lebanon and opportunities for conservation, Energy Policy, 26(6), pp. 487 - 
493. 
Chan, K. T. & Chow, W. K. (1998) Energy impact of commercial-building envelopes 
in the sub-tropical climate, Applied Energy, 60(1), pp. 21 - 39. 
Chow, W. K. & Yu, P. C. H. (2000) Controlling building energy use by Overall 
Thermal Transfer Value (OTTV), Energy, 25(5), pp. 463 - 478.  
Cole, R. J. & Kernan, P. C. (1996) Life-cycle energy use in office buildings, Building 
and Environment, 31(4), pp. 307 - 317. 
Cole, R. J. & Sterner, E. (2000) Reconciling theory and practice of life-cycle costing, 
Building Research & Information, 28(5/6), pp. 368 - 375. 
Dale, S. J. (1993) Introduction to life cycle costing in: Bull, J. W. (ed.) Life cycle 
costing for construction. 1st ed. London: Blackie Academic & Professional. pp. 
1 - 22. 
Deng, S. M. & Burnett, J. (2000) A study of energy performance of hotel buildings in 
Hong Kong, Energy and Buildings, 31(1), pp. 7 - 12. 
Eiswerth, M. E., Abendroth, K. W., Ciliano, R. E., Ouerghi, A. & Ozog, M. T. (1998) 
Residential electricity use and the potential impacts of energy efficiency options 
in Pakistan, Energy Policy, 26(4), pp. 307 - 315. 
El-Haram, M. A. & Horner, R. M. W. (1998) Factors affecting the life cycle cost in 
the construction industry, Proceeding of the 8th International Logistics 
Symposium, pp. 229 - 240. Exeter, UK. 
 184 
References 
Energy Balance Tables for the APEC Energy Demand and Supply Outlook 2002. 
http://www.ieej.or.jp/aperc, accessed in 28-12-03. 
Environmental Research Group (1994) Life-cycle energy use in office building, 
Forintek Canada Corporation. School of Architecture, University of British 
Columbia. 
Eto, J. H. (1988) On using degree-days to account for the effects of weather on annual 
energy use in office buildings, Energy and Buildings, 12(2) pp. 113 - 127. 
Fabrycky, W. J. & Blanchard, B. S. (1991) Life-Cycle Cost and Economic Analysis. 
Englewood Cliffs, N.J.: Prentice Hall. 
Farahbakhsh, H., Ugursal, V. I. & Fung, A. S. (1998) A residential end-use energy 
consumption model for Canada, International Journal of Energy Research, 
22(13), pp. 1133 - 1143. 
Fellows, R. F. (1986) Towards the Prediction of Escalation on U.K. Building Projects, 
pp.57 - 63. 
Fellows, R. F. & Liu, A. (2002) Research methods for construction. 2nd ed. Malden, 
Mass.: Blackwell Science. 
Ferry, D. J. & Flanagan, R. (1991) Life cycle costing: a radical approach. London: 
CIRIA. 
Flanagan, R. & Norman, G. (1983) Life cycle costing for construction. London: 
Surveyors Pubns. 
Flanagan, R. & Norman, G. (1989) Life cycle costing: theory and practice. Oxford: 
BSP. 
Fuller, S. K. & Petersen, S. R. (1995) Life-cycle costing workshop for energy 
conservation in buildings: student manual. Gaithersburg, Md.: U.S. Dept. of 
Commerce. 
 185 
References 
Gómez-Amo, J. L., Tena, F., Martínez-Lozano, J. A. & Utrillas, M. P. (2004) Energy 
saving and solar energy use in the University of Valencia (Spain), Renewable 
Energy, 29(5), pp. 675 - 685. 
Granger, C. W. J. & Newbold, P. (1986) Forecasting economic time series. 2nd ed. 
Orlando: Academic Press. 
Grover, R. J. & Grover, C. S. (1987) Consistency Problems in Life Cycle Cost 
Appraisals, in: Pedersen, D. O. & Soderberg, J. (ed.) Building economics: CIB 
proceedings of the Fourth International Symposium on Building Economics. 
Copenhagen: Danish Building Research Institute. pp. 17 - 30. 
Haberl, J., Sparks, R., & Culp, C. (1996) Exploring new techniques for displaying 
complex building energy consumption data, Energy and Buildings, 24(1), pp. 27 
- 38. 
Hamburg, M. & Young, P. (1994) Statistical analysis for decision making. 6th ed. Fort 
Worth, TX: Dryden Press.  
Harnett, D. L. & Murphy, J. L. (1985) Statistical analysis for business and economics. 
3rd ed. Reading, Mass.: Addison-Wesley Pub. Co. 
Hoar, D. & Norman, G. (1990) Life cycle cost management, in: Brandon, P. S. (ed.) 
Quantity surveying techniques: new directions. Oxford: BSP Professional Books. 
pp. 139 - 168. 
Keller, G. & Warrack, B. (2003) Statistics for management and economics. 6th ed. 
Belmont, Calif.: Thomson Brooks/Cole. 
Kirk, S. J. & Dell'Isola, A. J. (1995) Life cycle costing for design professionals. 2nd ed. 
New York: McGraw-Hill. 
Kirkham, R. J., Boussabaine, A. H. & Kirkham, M. P. (2002) Stochastic time series 
forecasting of electricity costs in an NHS acute care hospital building, for use in 
whole life cycle costing, Engineering Construction and Architectural 
 186 
References 
Management, 9(1), pp. 38 - 52. 
Lam, J. C. (1992) Typical weather year for building energy simulation in Hong Kong, 
Hong Kong Meteorological Society bulletin, 2(1), pp.36 - 44. 
Lam, J.C. (1995) Building envelope loads and commercial sector electricity use in 
Hong Kong, Energy, 20(3), pp. 189 - 194.  
Lam, J. C. (1996) An analysis of residential sector energy use in Hong Kong, Energy, 
21(1), pp. 1- 8. 
Lam, J. C. (1998) Climatic and economic influences on residential electricity 
consumption, Energy Conversion and Management, 39(7), pp. 623 - 629. 
Lam, J. C. (1999) Climatic influences on the energy performance of air conditioned 
buildings, Energy Conversion and Management, 40(1), pp. 39 – 49 
Lam, J. C. (2000) Residential sector air conditioning loads and electricity use in Hong 
Kong, Energy Conversion and Management, 41(16), pp. 1757 - 1768. 
Lam, J. C. & Ng, A. K. W. (1994) Energy consumption in Hong Kong, Energy, 19(11), 
pp. 1157 - 1164.  
Lam, J. C. & Hui, S. C. M. (1995) Outdoor design conditions for HVAC system 
design and energy estimation for buildings in Hong Kong. Energy Buildings 
22(1), pp. 25 - 43. 
Lam, J. C. & Li, D. H. W. (1996), Correlation between global solar radiation and its 
direct and diffuse components, Building and Environment, 31(6), pp. 527 - 535. 
Lam, J. C., Chan, R. Y. C., Tsang, C. L. & Li, D. H. W. (2000) A review of Hong 
Kong public sector office building design and energy and economic implication, 
Architectural Science Review, 43(4), pp. 191 - 200. 
Lam, J. C. & Li, D. H. W. (2003), Electricity consumption characteristics in shopping 
 187 
References 
malls in subtropical climates, Energy Conversion and Management, 44(9), pp. 
1391 - 1398. 
Lam, J. C., Chan, R. Y. C., Tsang, C. L. & Li, D. H. W. (2004) Electricity use 
characteristics of purpose-built office buildings in subtropical climates, Energy 
Conversion and Management, 45(6), pp. 829 - 844. 
Lee, W. L., Yik, F. W. H., Jones P. & Burnett, J. (2001) Energy saving by realistic 
design data for commercial buildings in Hong Kong , Applied Energy, 70(1), pp. 
59 - 75. 
Li, D. H. W. & Lam, J. C. (1999) An analysis of climate variables and design 
implications, Architectural Science Review, 42(1), pp. 15 - 25. 
Li, D. H. W., Wong, S. L. & Lam, J. C. (2003) Climatic effects on cooling load 
determination in subtropical regions, Energy Conversion and Management, 
44(11), pp. 1831 - 1843.  
Marshall, H. E. (1991) Economic methods and risk analysis techniques for evaluating 
building investments: a survey. Rotterdam: CIB 1991. 
McClave, J. T., Benson, P. G. & Sincich, T. (2001) Statistics for business and 
economics. 8th ed. Upper Saddle River, N.J.: Prentice Hall.  
Merrett, A. J. & Sykes, A. (1973) The finance and analysis of capital projects. 2nd ed. 
London: Longman. 
Monthly Digest of Statistics (1997 - 2001). Census and Statistics Department, Hong 
Kong, 
Morse, L. B. (1993) Statistics for business and economics. New York, N.Y.: 
HarperCollins College Publishers. 
Newbold, P. (1988) Statistics for business and economics. 2nd ed. Englewood Cliffs, 
N.J.: Prentice Hall. 
 188 
References 
Norton, B. R. & McElligott, W. C. (1995) Value management in construction: a 
practical guide. Basingstoke, Hampshire: Macmillan.  
Patterson, C. S. (1995) The cost of capital: theory and estimation. Westport, Conn.: 
Quorum Books. 
Pfaffenberger, R. C. & Patterson, J. H. (1987) Statistical methods for business and 
economics. 3rd ed. Homewood, Ill.: Irwin. 
Pindyck, R. S. & Rubinfeld, D. L. (1998) Econometric models and economic 
forecasts. 4th ed. Publisher Boston, Mass.: Irwin/McGraw-Hill.  
Pretlove, S. E. C. & Oreszczyn, T. (1998) Climate change: impact on the 
environmental design of buildings, Building Services Engineering Research & 
Technology, 19(1), pp. 55 - 58. 
Rakhra, A. S. (1980) Buildings and Life-Cycle Costing, Canadian Building Digest. 
Royal Institution of Chartered Surveyors (RICS) (1986) A guide to life cycle costing 
for construction, London: Surveyors Pubns. 
Ruegg, R. T. & Marshall, H. E. (1990) Building economics: theory and practice. New 
York, N.Y.: Van Nostrand Reinhold. 
Sailor, D. J. (2001) Relating residential and commercial sector electricity loads to 
climate - evaluating state level sensitivities and vulnerabilities, Energy, 26(7), 
pp. 645 - 657.  
Salsbury, T. & Diamond, R. (2000) Performance validation and energy analysis of 
HVAC systems using simulation, Energy and Buildings, 32(1), pp. 5 - 17. 
Scheuer, C., Keoleian, G. A., & Reppe, P Life cycle energy and environmental 
performance of a new university building: modeling challenges and design 
implications, Energy and Buildings, 35(10), pp. 1049 - 1064. 
 189 
References 
Scott, M. J.; Wrench, L. E. & Hadley, D. L. (1994) Effects of climate change on 
commercial building energy demand, Energy Sources, 16(3), pp. 317 - 332. 
Seeley, I. H. (1996) Building economics: appraisal and control of building design cost 
and efficiency. 4th ed. London: Macmillan. 
Segal, M., Shafir, H., Mandel, M., Alpert, P. & Balmor, Y. (1992) Climatic-related 
evaluations of the summer peak-hours’ electric load in Israel, Journal of Applied 
Meteorology, 31(12), pp. 1492 - 1498. 
Sekhar, S. C. & Chung, J. Y. (1998) Energy Simulation Approach to Air-Conditioning 
System Evaluation, Building and Environment, 33(6), pp. 397 - 408. 
Shipworth, D. (2002) A stochastic framework for embodied greenhouse gas emissions 
modelling of construction materials, Building Research and Information, 30(1) 
pp. 16 - 24. 
Stake, R. E. (1995) The art of case study research. Thousand Oaks, Calif.: Sage 
Publications. 
Tso, G. K. F. & Yau, K. K. W. (2003) A study of domestic energy usage patterns in 
Hong Kong, Energy, 28(15), pp. 1671-1682. 
United States Energy Flow 1999 (chart), Lawrence Livermore National Laboratory, 
March 2001. 
Wilson, C. & Wilson, J., (1999) Cultural change: its effect on the University of Hong 
Kong estates office, Facilities, 17(3/4), pp. 79 - 85. 
World Development Indicators 2001, The World Bank Group. 
www.worldbank.org/data/wdi2001/pdfs/tab3_9.pdf, accessed in 28-12-03. 
Yan, Y. Y. (1998) Climate and residential electricity consumption in Hong Kong, 
Energy, 23(1), pp. 17 - 20.  
 190 
References 
Yeomans, K. A. (1968) Statistics for the social scientist. Harmondsworth: Penguin. 
Yin, R. K. (2003) Case study research: Design and methods. 3rd ed. Thousand Oaks, 
Calif.: Sage Publications. 
Yu, P. C. H. & Chow, W. K. (2001) Energy use in commercial buildings in Hong 
Kong, Applied Energy, 69(4), pp. 243 - 255. 
Zhang, Z. X. (1995) Energy conservation in China: an international perspective, 
Energy Policy 23(2), pp. 159 - 166. 
 
 
 191 
Appendices 
 
 
 
 
 
 
Appendices 
 
 
 
Appendix A: Monthly Electricity Consumption 
Appendix B: Location of the Buildings 
Appendix C: Seasonal Indices  
Appendix D: Interview Questions  
 
 
 192 
Appendices 
 
Appendix A: Monthly Electricity Consumption 
 193 
Appendices 
             
             
             
             
            
Jul-97 Aug-97 Sep-97 Oct-97 Nov-97 Dec-97 Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98
 Building Name  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
  K.K. Leung Building  
 
  
471,130.00  
 
  
463,620.00  
 
  
470,550.00  
 
  
471,730.00  
 
  
391,590.00  
 
  
375,560.00  
 
  
309,650.00  
 
  
327,680.00  
 
  
363,310.00  
 
  
425,280.00  
 
  
466,150.00  
 
  
508,820.00  
 
  Knowles Building  
 
  
396,350.00  
 
  
385,860.00  
 
  
374,740.00  
 
  
377,670.00  
 
  
306,110.00  
 
  
290,870.00  
 
  
255,720.00  
 
  
266,040.00  
 
  
292,160.00  
 
  
350,860.00  
 
  
436,290.00  
 
  
502,480.00  
 
  Meng Wah Complex  
 
  
277,930.00  
 
  
292,850.00  
 
  
272,080.00  
 
  
259,920.00  
 
  
207,170.00  
 
  
198,990.00  
 
  
157,370.00  
 
  
165,720.00  
 
  
182,280.00  
 
  
234,530.00  
 
  
258,510.00  
 
  
314,440.00  
 
  Chow Yei Ching Building   
 
  
330,950.00  
 
  
308,750.00  
 
  
308,920.00  
 
  
311,900.00  
 
  
249,670.00  
 
  
250,710.00  
 
  
208,550.00  
 
  
222,330.00  
 
  
244,050.00  
 
  
296,650.00  
 
  
308,150.00  
 
  
352,240.00  
 
  Tsui Tsin Tong Building  
 
  
155,040.00  
 
  
148,310.00  
 
  
154,240.00  
 
  
163,440.00  
 
  
109,670.00  
 
  
109,690.00  
 
  
113,060.00  
 
  
131,640.00  
 
  
125,900.00  
 
  
135,960.00  
 
  
136,860.00  
 
  
167,020.00  
 
 Jul-98 Aug-98 Sep-98 Oct-98 Nov-98 Dec-98 Jan-99 Feb-99 Mar-99 Apr-99 May-99 Jun-99
 Building Name  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
  K.K. Leung Building  
 
  
538,250.00  
 
  
507,600.00  
 
  
490,110.00  
 
  
464,480.00  
 
  
408,870.00  
 
  
350,640.00  
 
  
322,620.00  
 
  
287,600.00  
 
  
363,950.00  
 
  
425,360.00  
 
  
411,560.00  
 
  
442,660.00  
 
  Knowles Building  
 
  
494,590.00  
 
  
433,900.00  
 
  
432,670.00  
 
  
417,710.00  
 
  
354,360.00  
 
  
309,660.00  
 
  
282,470.00  
 
  
249,000.00  
 
  
340,600.00  
 
  
362,740.00  
 
  
367,260.00  
 
  
382,540.00  
 
  Meng Wah Complex  
 
  
324,330.00  
 
  
320,310.00  
 
  
301,420.00  
 
  
278,510.00  
 
  
224,810.00  
 
  
194,170.00  
 
  
178,370.00  
 
  
156,630.00  
 
  
202,100.00  
 
  
247,160.00  
 
  
235,460.00  
 
  
283,460.00  
 
  Chow Yei Ching Building   
 
  
363,610.00  
 
  
352,810.00  
 
  
343,930.00  
 
  
339,720.00  
 
  
291,290.00  
 
  
265,460.00  
 
  
241,640.00  
 
  
222,910.00  
 
  
271,450.00  
 
  
313,390.00  
 
  
305,440.00  
 
  
336,490.00  
 
  Tsui Tsin Tong Building  
 
  
169,970.00  
 
  
172,150.00  
 
  
169,760.00  
 
  
151,860.00  
 
  
151,270.00  
 
  
124,820.00  
 
  
115,530.00  
 
  
140,890.00  
 
  
143,360.00  
 
  
151,690.00  
 
  
148,210.00  
 
  
174,930.00  
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 Jul-99 Aug-99 Sep-99 Oct-99 Nov-99 Dec-99 Jan-00 Feb-00 Mar-00 Apr-00 May-00 Jun-00
 Building Name  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
  K.K. Leung Building    502,310.00  
 
  
440,110.00  
 
  
443,970.00  
 
  
436,650.00  
 
  
386,390.00  
 
  
322,220.00  
 
  
282,180.00  
 
  
287,060.00  
 
  
344,110.00  
 
  
366,510.00  
 
  
406,160.00  
 
  
460,870.00  
 
  Knowles Building    449,910.00  
 
  
419,910.00  
 
  
420,850.00  
 
  
404,210.00  
 
  
358,000.00  
 
  
296,450.00  
 
  
253,330.00  
 
  
223,820.00  
 
  
324,200.00  
 
  
352,510.00  
 
  
392,850.00  
 
  
454,120.00  
 
  Meng Wah Complex    334,370.00  
 
  
285,010.00  
 
  
281,610.00  
 
  
248,150.00  
 
  
214,270.00  
 
  
170,300.00  
 
  
156,250.00  
 
  
150,830.00  
 
  
181,690.00  
 
  
198,340.00  
 
  
226,750.00  
 
  
299,470.00  
 
  Chow Yei Ching Building     392,050.00  
 
  
333,520.00  
 
  
333,670.00  
 
  
315,160.00  
 
  
278,050.00  
 
  
249,860.00  
 
  
216,590.00  
 
  
206,330.00  
 
  
255,970.00  
 
  
265,490.00  
 
  
288,330.00  
 
  
337,100.00  
 
  Tsui Tsin Tong Building    183,580.00  
 
  
191,340.00  
 
  
168,420.00  
 
  
169,120.00  
 
  
145,270.00  
 
  
127,790.00  
 
  
131,570.00  
 
  
118,210.00  
 
  
131,290.00  
 
  
132,580.00  
 
  
168,050.00  
 
  
154,790.00  
 
 Jul-00 Aug-00 Sep-00 Oct-00 Nov-00 Dec-00 Jan-01 Feb-01 Mar-01 Apr-01 May-01 Jun-01
 Building Name  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
  K.K. Leung Building    419,090.00  
 
  
475,240.00  
 
  
432,800.00  
 
  
456,070.00  
 
  
409,380.00  
 
  
347,850.00  
 
  
330,900.00  
 
  
336,730.00  
 
  
373,710.00  
 
  
309,190.00  
 
  
406,960.00  
 
  
383,370.00  
 
  Knowles Building    437,540.00  
 
  
447,050.00  
 
  
415,010.00  
 
  
434,110.00  
 
  
368,410.00  
 
  
324,570.00  
 
  
293,890.00  
 
  
289,950.00  
 
  
325,490.00  
 
  
339,820.00  
 
  
467,550.00  
 
  
449,080.00  
 
  Meng Wah Complex    305,400.00  
 
  
347,900.00  
 
  
278,930.00  
 
  
277,760.00  
 
  
213,230.00  
 
  
182,640.00  
 
  
171,740.00  
 
  
173,300.00  
 
  
196,100.00  
 
  
198,040.00  
 
  
285,420.00  
 
  
285,730.00  
 
  Chow Yei Ching Building     329,940.00  
 
  
353,520.00  
 
  
292,980.00  
 
  
297,920.00  
 
  
264,200.00  
 
  
235,330.00  
 
  
234,440.00  
 
  
211,340.00  
 
  
247,650.00  
 
  
244,900.00  
 
  
323,920.00  
 
  
299,730.00  
 
  Tsui Tsin Tong Building    170,310.00  
 
  
188,360.00  
 
  
177,530.00  
 
  
163,590.00  
 
  
139,450.00  
 
  
134,140.00  
 
  
124,670.00  
 
  
139,690.00  
 
  
151,140.00  
 
  
174,280.00  
 
  
174,340.00  
 
  
171,210.00  
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 Jul-01 Aug-01 Sep-01 Oct-01 Nov-01 Dec-01 Jan-02 Feb-02 Mar-02 Apr-02 May-02 Jun-02
 Building Name  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
  K.K. Leung Building    357,210.00  
 
  
403,300.00  
 
  
389,200.00  
 
  
417,230.00  
 
  
318,390.00  
 
  
306,970.00  
 
  
275,420.00  
 
  
276,110.00  
 
  
310,850.00  
 
  
373,630.00  
 
  
396,900.00  
 
  
402,850.00  
 
  Knowles Building    411,660.00  
 
  
430,250.00  
 
  
410,380.00  
 
  
432,680.00  
 
  
318,950.00  
 
  
315,640.00  
 
  
269,630.00  
 
  
288,000.00  
 
  
328,950.00  
 
  
357,410.00  
 
  
443,350.00  
 
  
481,260.00  
 
  Meng Wah Complex    285,920.00  
 
  
325,400.00  
 
  
278,500.00  
 
  
280,510.00  
 
  
200,580.00  
 
  
191,970.00  
 
  
170,530.00  
 
  
171,860.00  
 
  
203,580.00  
 
  
251,800.00  
 
  
273,400.00  
 
  
304,780.00  
 
  Chow Yei Ching Building     295,200.00  
 
  
335,200.00  
 
  
295,460.00  
 
  
318,730.00  
 
  
238,090.00  
 
  
229,530.00  
 
  
211,600.00  
 
  
215,420.00  
 
  
239,630.00  
 
  
280,730.00  
 
  
291,590.00  
 
  
306,830.00  
 
  Tsui Tsin Tong Building    181,770.00  
 
  
181,530.00  
 
  
194,720.00  
 
  
174,950.00  
 
  
149,360.00  
 
  
146,390.00  
 
  
159,520.00  
 
  
131,300.00  
 
  
148,220.00  
 
  
169,820.00  
 
  
182,740.00  
 
  
191,070.00  
 
 Jul-02 Aug-02 Sep-02 Oct-02 Nov-02 Dec-02 Jan-03 Feb-03 Mar-03 Apr-03 May-03 Jun-03
 Building Name  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
 KWHrs.  
 
  K.K. Leung Building    404,320.00  
 
  
406,210.00  
 
  
431,140.00  
 
  
391,680.00  
 
  
351,620.00  
 
  
299,530.00  
 
  
271,000.00  
 
  
266,680.00  
 
  
309,240.00  
 
  
328,520.00  
 
  
420,660.00  
 
  
394,640.00  
 
  Knowles Building    445,990.00  
 
  
432,290.00  
 
  
447,520.00  
 
  
423,930.00  
 
  
362,300.00  
 
  
305,090.00  
 
  
278,820.00  
 
  
282,160.00  
 
  
321,970.00  
 
  
352,510.00  
 
  
491,290.00  
 
  
449,440.00  
 
  Meng Wah Complex    336,420.00  
 
  
312,330.00  
 
  
316,670.00  
 
  
276,860.00  
 
  
232,820.00  
 
  
195,910.00  
 
  
176,620.00  
 
  
180,170.00  
 
  
206,150.00  
 
  
238,570.00  
 
  
330,420.00  
 
  
304,690.00  
 
  Chow Yei Ching Building     331,090.00  
 
  
311,050.00  
 
  
326,230.00  
 
  
304,000.00  
 
  
252,220.00  
 
  
223,680.00  
 
  
206,670.00  
 
  
203,560.00  
 
  
240,480.00  
 
  
252,980.00  
 
  
316,700.00  
 
  
288,400.00  
 
  Tsui Tsin Tong Building    196,620.00  
 
  
181,360.00  
 
  
186,390.00  
 
  
194,050.00  
 
  
156,880.00  
 
  
146,840.00  
 
  
137,060.00  
 
  
136,840.00  
 
  
155,640.00  
 
  
148,890.00  
 
  
190,100.00  
 
  
173,650.00  
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Appendix B: Location of the Buildings 
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Appendix C: Seasonal Indices  
 
K.K. Leung 
Building Seasonal Irregular Values in Corresponding Months 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
98 0.73 0.77 0.84 0.99 1.08 1.18 1.25 1.18 1.15 1.09 0.96 0.83 
99 0.77 0.70 0.89 1.05 1.02 1.11 1.26 1.11 1.13 1.12 0.99 0.83 
00 0.73 0.75 0.89 0.95 1.05 1.18 1.07 1.20 1.08 1.14 1.03 0.88 
01 0.85 0.88 0.99 0.83 1.10 1.06 1.00 1.14 1.12 1.20 0.91 0.87 
02 0.78 0.77 0.87 1.04 1.10 1.12 1.12 1.13 1.20 1.10 0.99 0.84 
             
Total 3.87 3.87 4.49 4.86 5.36 5.64 5.70 5.76 5.67 5.64 4.88 4.26 
Average 0.77 0.77 0.90 0.97 1.07 1.13 1.14 1.15 1.13 1.13 0.98 0.85 
             
Seasonal 
Indices (S)24 0.77 0.77 0.90 0.97 1.07 1.13 1.14 1.15 1.13 1.13 0.98 0.85 
Table C1 Seasonal Indices in Corresponding Months (K.K. Leung Building) 
 
 
Knowles 
Building Seasonal Irregular Values in Corresponding Months 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
98 0.72 0.73 0.79 0.94 1.16 1.33 1.30 1.14 1.13 1.09 0.93 0.83 
99 0.77 0.68 0.94 1.00 1.01 1.06 1.25 1.17 1.18 1.14 1.01 0.82 
00 0.70 0.62 0.89 0.97 1.07 1.23 1.18 1.19 1.10 1.15 0.97 0.85 
01 0.77 0.76 0.86 0.90 1.24 1.20 1.10 1.16 1.10 1.16 0.86 0.85 
02 0.72 0.76 0.87 0.94 1.16 1.26 1.17 1.13 1.17 1.11 0.94 0.79 
            
Total 3.67 3.56 4.35 4.75 5.65 6.08 6.00 5.79 5.69 5.65 4.71 4.14 
Corrected 
(=Total x 
12/12.01 
3.67 3.56 4.35 4.75 5.65 6.07 6.00 5.79 5.68 5.64 4.70 4.14 
Average 0.73 0.71 0.87 0.95 1.13 1.21 1.20 1.16 1.14 1.13 0.94 0.83 
             
Seasonal 
Indices (S) 0.73 0.71 0.87 0.95 1.13 1.21 1.20 1.16 1.14 1.13 0.94 0.83 
 
Table C2 Seasonal Indices in Corresponding Months (Knowles Building) 
 
 
                                                 
24 Because the sum of the twelve seasonal indices in a year equals 12.00, there is no need to make an 
adjustment in correcting the rounding errors. 
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Meng Wah 
Complex Seasonal Irregular Values in Corresponding Months 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
98 0.66 0.69 0.75 0.96 1.05 1.28 1.31 1.29 1.21 1.12 0.90 0.79 
99 0.73 0.64 0.83 1.03 0.99 1.19 1.42 1.22 1.21 1.08 0.94 0.75 
00 0.69 0.66 0.78 0.85 0.97 1.28 1.30 1.47 1.17 1.16 0.88 0.75 
01 0.71 0.72 0.82 0.83 1.19 1.20 1.19 1.36 1.16 1.16 0.82 0.79 
02 0.69 0.69 0.82 1.00 1.08 1.20 1.32 1.23 1.24 1.09 0.91 0.76 
             
Total 3.47 3.40 4.00 4.67 5.28 6.14 6.55 6.56 5.99 5.60 4.45 3.83 
Corrected 
(=Total x 
12/11.99 
3.48 3.40 4.01 4.67 5.29 6.15 6.55 6.57 6.00 5.60 4.46 3.83 
Average 0.70 0.68 0.80 0.93 1.06 1.23 1.31 1.31 1.20 1.12 0.89 0.77 
             
Seasonal 
Indices (S) 0.70 0.68 0.80 0.93 1.06 1.23 1.31 1.31 1.20 1.12 0.89 0.77 
Table C3 Seasonal Indices in Corresponding Months (Meng Wah Complex) 
 
 
Chow Yei 
Ching 
Building 
Seasonal Irregular Values in Corresponding Months 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
98 0.73 0.77 0.84 1.01 1.04 1.18 1.21 1.17 1.14 1.11 0.95 0.87 
99 0.79 0.73 0.89 1.03 1.01 1.12 1.31 1.12 1.13 1.08 0.96 0.86 
00 0.76 0.72 0.90 0.94 1.03 1.21 1.18 1.26 1.05 1.07 0.94 0.84 
01 0.85 0.77 0.90 0.89 1.18 1.10 1.09 1.24 1.09 1.17 0.87 0.85 
02 0.78 0.79 0.88 1.02 1.06 1.12 1.21 1.14 1.19 1.12 0.93 0.82 
             
Total 3.90 3.79 4.41 4.90 5.33 5.72 6.00 5.93 5.60 5.55 4.66 4.24 
Corrected 
(=Total x 
12/12.01 
3.90 3.78 4.41 4.90 5.32 5.72 5.99 5.92 5.59 5.54 4.66 4.24 
Average 0.78 0.76 0.88 0.98 1.06 1.14 1.20 1.18 1.12 1.11 0.93 0.85 
             
Seasonal 
Indices (S) 0.78 0.76 0.88 0.98 1.06 1.14 1.20 1.18 1.12 1.11 0.93 0.85 
Table C4 Seasonal Indices in Corresponding Months (Chow Yei Ching Building) 
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Tsui Tsin 
Tong 
Building 
Seasonal Irregular Values in Corresponding Months 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
98 0.82 0.94 0.89 0.96 0.96 1.15 1.16 1.18 1.15 1.02 1.01 0.83 
99 0.76 0.92 0.93 0.98 0.96 1.13 1.18 1.23 1.09 1.11 0.95 0.84 
00 0.87 0.78 0.87 0.88 1.12 1.03 1.13 1.25 1.16 1.05 0.89 0.85 
01 0.78 0.87 0.94 1.08 1.07 1.05 1.10 1.09 1.17 1.06 0.90 0.88 
02 0.95 0.78 0.88 1.01 1.07 1.12 1.16 1.07 1.10 1.15 0.93 0.88 
             
Total 4.18 4.30 4.52 4.90 5.18 5.48 5.74 5.82 5.68 5.39 4.68 4.26 
Corrected 
(=Total x 
12/12.02 
4.17 4.29 4.51 4.90 5.17 5.47 5.73 5.81 5.67 5.38 4.67 4.26 
Average 0.83 0.86 0.90 0.98 1.03 1.09 1.15 1.16 1.13 1.08 0.93 0.85 
             
Seasonal 
Indices (S) 0.83 0.86 0.90 0.98 1.03 1.09 1.15 1.16 1.13 1.08 0.93 0.85 
Table C5 Seasonal Indices in Corresponding Months (Tsui Tsin Tong Building) 
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Appendix D: Interview Questions 
 
Section I: General Information 
 
(This Section is only for the interviewees in Facilities Management Office at Hong 
Kong Polytechnic University and City University of Hong Kong.) 
 
1. What are the degrees of changes in the trend of the electricity consumption in a 
typical university academic building (with lecture rooms and department offices) 
in recent years? 
And what are the reasons? 
 
2. What are the degrees of fluctuations of electricity consumption within a year in a 
typical university academic building?  
And what are the reasons? 
 
3. What is the usual percentage contribution of electricity consumption to the total 
running cost for a typical university academic building? 
 
4. What are the types of major electricity consuming building services in a typical 
university academic building? 
And what are their individual percentage consumptions? 
 
5. What are the problems in design, managing and operational level leading to 
energy inefficiency in a typical university academic building? 
 
6. How those problems affect the electricity consumption level? And what are their 
degrees of effects on the electricity consumption level? 
 
Section II: Electricity Consumption Influencing Factors  
 
(This Section is for all the interviewees) 
 201 
Appendices 
 
1. What are the main factors affecting the building electricity consumption? 
 
2. How do these factors lead to variations in the electricity consumption level? 
 
Section III: Specific Questions to the Studied Buildings 
 
(This Section is only for the interviewee in the Estate Office at The University of Hong 
Kong) 
 
Notes: KK Leung, Knowles, Chow Yei Ching and Meng Wah Complex Buildings are 
the research targets. 
 
Main issue: How do these identified electricity consumption influencing factors 
affect the electricity consumption level of the above buildings? 
 
A. Building Services Design 
 
1. What are the types of major electricity consuming building services in the above 
buildings? 
 
2. What are their individual percentage consumptions? 
 
3. What are the design models of these systems? 
 
4. How long have these systems been used in the above buildings? 
 
5. What are the usual life spans of such systems before a substantial drop in the 
efficiency? 
 
B. Envelope Design 
 
6. What special energy efficient design has been incorporated to the building 
envelope of the above buildings? 
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7. How does this design affect electricity consumption? 
 
C. Daily Operation, Management and Maintenance 
 
8. What are the daily operating time schedules of the classrooms, department 
offices, and other usages in the above buildings? 
 
9. What are the daily operating time schedules of the major electricity consuming 
building services for these various usages in the above buildings? 
 
10. What are the temperature settings of these various usages within the operating 
time of the above buildings? 
 
11. What monitoring system is adopted for controlling daily operations of the above 
buildings? 
 
12. Are there any special facilities or equipment that significantly affect the 
electricity consumption level. 
 
13. What are the details of the maintenance strategies and programmes for different 
building services systems, such as the type of maintenance, the period for regular 
inspection and replacement to be carried out, etc. in the above buildings? 
 
D. Seasonal Factors 
 
14. What are the important weather parameters affecting the electricity 
consumption? 
 
15. What are their effects on the fluctuations of the electricity consumption level? 
 
Section IV: Problems in the Studied Buildings 
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Notes: KK Leung, Knowles, Chow Yei Ching and Meng Wah Complex Buildings are 
the research targets. 
 
1. What are the problems in design, managing and operational level leading to 
energy inefficiency in the above buildings? 
 
2. How those problems affect the electricity consumption level? And what are their 
degrees of effects on the electricity consumption level? 
 
Section V: Energy Saving Strategies 
 
(This Section is for all the interviewees) 
 
1. What types of the control systems on monitoring the electricity consumption 
level have been installed? And what are their advantages? 
 
2. How long have such systems been implemented? And could they achieve the 
above advantages? 
 
3. What energy saving strategies have been implemented? (like in the area of 
management and operation of building, incorporation of innovative building 
services, and design) 
 
4. How long have such systems been implemented? And how do these strategies 
affect the electricity consumption? 
 
5. What are the difficulties in implementing these strategies in the studied 
buildings? 
 
6. Do you have any other recommendations which can be used in the future for 
reducing the electricity consumption of university academic buildings? 
 
